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PERSONNEL 

In 1972, the y e a r  of reorganiza t ion  of the  Agr i cu l tu ra l  
search Se rv i ce ,  the  Laboratory l o s t  i ts  D i r e c t o r ,  M r .  L, E, 
who l e f t  i n  August f o r  Berkeley, Ca l i fo rn i a ,  t o  become Associate  
Deputy Administrator  of  the Western Region of ARS. A c t h g  Direc tor  
f o r  the Laboratory is  D r .  Herman Bower .  A t  t he  end of  1972, 
M r ,  K. G. Mull ins ,  Phys ica l  Science Technician and Ass i s t an t  t o  
the Di rec to r ,  s t a r t e d  t o  prepare  f o r  h i s  t r a n s f e r  t o  the  Manage- 
ment Serv ices  Div is ion .  

D r .  J ,  B .  Robinson a r r ived  a t  t he  Laboratory i n  Sept  
-month sr-lbbaticil  l e ave  from the  Univers i ty  of Guelph, 
ada, t o  work on microbio logica l  aspec ts  of n i t r o g e n  tr 

t i o n s  a t  the  Flushin Meadows P ro jec t .  

D r .  R. J. Reginato re turned  i n  Jme from h i s  one-year edu- 
c a t i o n a l  l eave  a t  the  Univers i ty  of C a l f  f o m i a ,  Rivers ide .  
r. 9, G. Brooks and M r .  R, G. Valdez 

e Stay-in-School Program, and 
he summer months under the N e i  

Abeyta, ctastodian, res igned  
J .  Gerard i n  August. 

Tile Laboratory S t a f f  is as fol lows:  

0. J .  Abeyta, Gardener (resigned Apr i l )  
I. G. Ra rne t t ,  J a n i t o r  
E. D.  B e l l ,  General Machinist  
W, Bouwe r ,  Research Hydraulic Engineer and Acting Di rec to r  
J . G .  Brooks , Phys ica l  Science Aid (stay-in-School) 
D. A. Bucks, Agr i cu l tu ra l  Engineer 
K. R, Cooley , Research Hydrologist  
E, E, WLaRosa, Maintenance Worker 
W .  L, L%rler, Research P lan t  Phys io logis t  
L, J.  E r i e ,  Agr i cu l tu ra l  Engineer 
E ,  B. Escarcega, Hydrologic Technician 
U. H.  Fink, S o i l  S c i e n t i s t  

E ,  F i she r ,  L ibrary  Technician 
W. F r a s i e r ,  Research Hydraulic Engineer 

nch, Agr i cu l tu ra l  Research Technician 
R. J. Gerard, J a n i t o r  (employed August) 
R. G. G i l b e r t ,  S o i l  S c i e n t i s t  
E. P. Gixdley, Engineering Draftsman 
J.  R. Griggs , Phys ica l  Science Technician 
C. G. Hiesel, General Machinist 
S,  B.  Idso ,  S o i l  S c i e n t i s t  
R. D ,  Jackson, Research Phys i c i s t  
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M, L, Jones ,  Agr i cu l tu ra l  Aid (NYC) 
B ,  A. Kimball, S o i l  S c i e n t i s t  
R, C. Klapper, Maintenance Worker Foreman 
3 ,  6. Lance, S o i l  S c i e n t i s t  
R,  S, Linebarger ,  Hydrologic Technician 
J .  M, R. Mart inez,  Engineering Aid 
H ,  L, Mastin, Phys ica l  Science Technician 
J .  B .  M i l l e r ,  Phys ica l  Science Technician 
S . T ,  M t  c h e l l  , Phys ica l  Science Technician 
A, H .  Morse, Sec re t a ry  
K. G, Mullins , Phys ica l  Science Technician 

e r s  , Research Hydraulic Engineer and Di rec to r  ( t r a m  f e r r e d  

P. S. Nakayama, Research Chemist 
M. E. Olson, Clerk-S tenographer 
L. J. Omeside,  Clerk-Stenographer 
J ,  M. P r i t c h a r d ,  Phys i ca l  Science Technician 
B , A, R a n i  ck, Physical  Science Technician 
R,  J. Reginato, S o i l  S c i e n t i s t  
J , A, Replogle , Research Hydraulic Engineer 
R. C. N c e ,  Agr i cu l tu ra l  Engineer 
P?, S, fiiggs, Laboratory Technician ( S a l t  River P r o j e c t  
J. B e  Robinson, S o i l  Microbiologis t  ( v i s i t i n g  s c i e n t i s t )  
M e  A. S e i l e r  , Clerk-Stenographer 
X ,  G.  Valdez , Mathematics Aid (S tay-in-School) 
F, D, Whisler ,  S o i l  S c i e n t i s t  
M, F. W i t  cher ,  Clerk-Stenographer 
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TITLE : MATERIALS AND METHODS FOR WATER I-IARVESTING AND 

WATER STORAGE I N  THE STATE OF IWAII  

CRTS WORK UNIT: SWC-018-gG-4 CODE NO . : Ariz . -WCL 65-2 

INTRODUCTION : 

Emphasis on work i n  Hawaii has been changed i n  d i r e c t i o n  

and t h e  p r i o r i t i e s  reordered .  Water ha rves t ing  p r o j e c t s  a r e  near  

completion, except  f o r  continued observa t ion  of weathering charac- 

t e r i s t i c s  of e x i s t i n g  i n s t a l l a t i o n s .  The major research  emphasis 

i s  being d i r e c t e d  t o  r a in fa l l - runof f  and e ros ion  s t u d i e s  and work 

on t r i c k l e  i r r i g a t i o n .  New o u t l i n e s  covering runoff  e ros ion  and 

t r i c k l e  i r r i g a t i o n  w i l l  b e  i n i t i a t e d  i n  t h e  near  f u t u r e .  

PART I .  WATER HARVESTING 

Treatments and procedures a t  t h e  Maui catchments remained 

t h e  same a s  descr ibed  i n  prev ious  annual r e p o r t s .  Analysis has 

been completed f o r  t h e  ra infa l l - runof  f  r e s u l t s  from t h e  p l o t s .  

Runoff r e s u l t s  from P l o t  No. 4 ,  n a t u r a l  g ra s s ,  have been prepared 

i n  a  manuscript f o r  pub l i ca t ion .  The r e s u l t s  from t h e  o t h e r  t h r e e  

p l o t s  proved u n r e l i a b l e  f o r  a  v a r i e t y  of reasons .  Some of t h e s e  

f a u l t s  remained undetected u n t i l  be l a t ed  a n a l y s i s  of t h e  da t a .  

P l o t  No. 1, covered wi th  Hypolon, had developed a  seam f a i l u r e  

a t  t he  lower end of t h e  p l o t  t h a t  would not  remain sea l ed ,  s o  t h e  

d a t a  c o l l e c t e d  was u n r e l i a b l e ,  a s  expected. Not expected, however, 

was t h e  undetected leak  caused by f a i l u r e  of t h e  s e a l i n g  compound 

holding t h e  b u t y l  shee t ing  on P l o t  No. 2 t o  t he  flow-metering 

flume. This  was n o t  de tec ted  u n t i l  ques t ionable  r e s u l t s  i n i t i a t e d  

a c l o s e  in spec t ion  f o r  p o s s i b l e  flow l o s s .  Likewise, t h e  unreason- 

a b l e  r e s u l t s  of too much runoff ,  o f t e n  exceeding 100% on P l o t  No. 3 ,  

aspha l t  pavement--asphalt f i b e r g l a s s  w a s  caused by e n t r y  of water  

from o u t s i d e  t h e  p l o t  boundaries a t  h igh  p r e c i p i t a t i o n  r a t e s .  The 

i n i t i a l  e f f o r t s  t o  i s o l a t e  t h e  p l o t s  appeared adequate,  bu t  subse- 

quent  vege ta t ion  growth i n  t h e  top  s i d e  d ive r s ions  reduced flow 
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enough t o  cause  over f looding  i n t o  t h e  t r e a t e d  a r e a .  This  was not  

observed u n t i l  February 1972. 

A s  of 1 December 1972, measurements of r a i n f a l l  and runoff  

a t  t h e  Maui s i t e  were stopped. Observat ions of m a t e r i a l  weather ing 

performance w i l l  b e  maintained. The a spha l t - f i be rg l a s s  p l o t  and 

t h e  b u t y l  p l o t  a r e  considered i n  e x c e l l e n t  condi t ion .  The Mypolon 

1s s t r c t c l ~ ~ d  very t1ghtl.y and  tromc seams are s t a r t i n g  t o  f a i l .  

RESULTS : WATER HARVESTING 

A summary o f  t h e  r e s u l t s  from t h e  manuscript on t h e  grassed  

a r e a  of t h e  Maui p l o t s  fol lows:  

P r e c i p i t a t i o n  runoff from a grassed s u r f a c e  i n  Hawaii was 

found t o  y i e l d  234 runoff  from 2260 mm (89 inches)  average annual  

r a i n f a l l .  S t u d i e s  on a sma l l  p l o t  where water l o s s e s  i n  channels  

were minimized showed t h e  runoff was g r e a t e s t  during t h e  w in t e r  

months. Runoff measurements f o r  a 39-month pe r iod  from i n d i v i d u a l  

storms showed t h a t  an average of 2 mm of p r e c i p i t a t i o n  is  requi red  

be fo re  runoff occurs .  Af t e r  runoff  has  s t a r t e d ,  approximately 

49% of any a d d i t i o n a l  p r e c i p i t a t i o n  w i l l  run  o f f .  

R a i n f a l l  measurements showed t h a t  many of  t h e  r a i n f a l l  events  

occur  a s  small showers of  low i n t e n s i t y ,  approximately 40% of t h e  

t o t a l  p r e c i p i t a t i o n  occurs  a s  s torms of less than 6 mm, and 55% 

comes i n  s torms wi th  a r a i n f a l l  i n t e n s i t y  less than 6 mm per 

h r .  The f a c t  of small r a i n f a l l  events ,  low runoff  e f f i c i e n c y  

and high runoff  t h r e sho ld  can account f o r  t h e  r e l a t i v e l y  low t o t a l  

runoff e f f i c i e n c y .  The p o t e n t i a l  water  s u p p l i e s  a r e  very high i f  

low-cost means of c o l l e c t i n g  t h e  smal l  r a i n  showers can b e  developed. 

PART 11. RAINFALL-RUNOFF-EROSION STUDIES 

The s h i f t  i n  emphasis on s t u d i e s  i n  Hawaii can perhaps be  

understood b e t t e r  i n  t h e  l i g h t  of a b r i e f  h i s t o r y  prepared i n  

August 1972 by I,. E. Myers a f t e r  approximately a 2-month s tudy 

tour  i n  Hawaii. This  h i s t o r y  and h i s  f i nd ings  have been updated 
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f o r  t h i s  w r i t i n g  (March 1973),  and a r e  reproduced h e r e  i n  

condensed form a s  fol lows:  

t l is tory : - 
P r i o r  t o  1966 a  number of i n v e s t i g a t o r s  from t h e  S o i l  and 

Water Conservation Research Div is ion  had v i s i t e d  Hawaii and had 

w r i t t e n  r e p o r t s  desc r ib ing  urgent  problems. Following a  v i s i t  

t o  Hawaii i n  l a t e  1965, M r .  Myers decided t h a t  t he  USWCL (U. S. 

Water Conservation Laboratory) should i n i t i a t e  water  harves t ing  

research i n  t h a t  s t a t e  t o  extend our  f i nd ings  t o  h igh  r a i n f a l l  

a r eas  and t o  demonstrate ARS i n t e r e s t  i n  t h e i r  problems. The 

Administrator ,  ARS , concurred. Through t h e  combined e f f o r t s  of 

a number of coopera tors ,  experimental i n s t a l l a t i o n s  were made on 

t h e  I s l ands  of Hawaii and Maui i n  June 1966. They a r e  s t i l l  b e i n  

maintained by cooperators  and ARS. (The cooperator  contac t  i s  

Robert Warzecha, Hawaiian Commercial and Sugar Company .) 

During Apr i l  1971 the  Administrator ,  ARS, made r e se rve  funds 

i n  the amount of $33,355 a v a i l a b l e  t o  USWCL f o r  work i n  Hawaii, 

I n  consu l t a t i on  wi th  SCS, f i v e  f i e l d s  of pineapple and sugar  cane 

were instrumented t o  o b t a i n  da t a  on r a i n f a l l ,  r unof f ,  and e ros ion ,  

The f i e l d s  ranged i n  s i z e  from 2-6 a c r e s .  Three s i t e s  were 

s e l e c t e d  on Oahu and two on Hawaii. Recording r a i n  gages and 

water-s tage recorders  were purchased. Water-measuring flumes 

were designed,  p re fab r i ca t ed ,  a i r  f r e i g h t e d  t o  Hawaii, and i n s t a l l e d  

i n  June 1971. We learned t h a t  s a t i s f a c t o r y  devices  f o r  sediment 

measurement were no t  a v a i l a b l e  and i t  became necessary t o  i n i t i a t e  

research  a t  t h e  USWCL t o  design,  c a l i b r a t e ,  and cons t ruc t  t he  

requi red  devices .  I n s t a l l a t i o n  w a s  made i n  December 1973, (The 

SCS, which has maintained t h e  r a i n  gages, water-s tage recorders ,  

and measuring flumes, i s  completing t h e  process  of tu rn ing  the  

r e s p o n s i b i l i t y  over t o  t h e  Univers i ty  of Hawaii under t h e  terms 

of a  coopera t ive  agreement.) 
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Beginning i n  FY 1972, Senator  Fong of Hawaii obtained a  

$100,000 annual app ropr i a t ion ,  t o  cont inue f o r  5 y e a r s ,  f o r  s o i l  

and water  research  i n  Hawaii. These funds were not  s u f f i c i e n t  

t o  e s t a b l i s h  an independent SWC u n i t  i n  Hawaii. The funds were 

a l l o c a t e d  t o  t h e  USWCL t o  cont inue and expand research  on runoff 

and e ros ion ,  e f f i c i e n t  i r r i g a t i o n  systems, and waste-water 

renovat ion i n  Hawaii. ARS personnel  could not  b e  immediately 

t r a n s f e r r e d  t o  Hawaii s o  arrangements were made wi th  t h e  Agricul- 

t u r a l  Experiment S t a t i o n ,  Univers i ty  of Hawaii t o  e s t a b l i s h  a  

coopera t ive  research program wi th  a c t i v e  p a r t i c i p a t i o n  by Univer- 

s i t y  s t a f f  members. Cooperative Agreement No. 12-14-100 11, 

173(41),  between ARS and t h e  Hawaii A g r i c u l t u r a l  Experiment 

S t a t i o n  was s igned  on 15 March 1972. Under t h e  agreement, t h e  

Univers i ty  of Hawaii w i l l  b e  reimbursed up t o  $30,000 per  y e a r ,  

renewable annual ly,  i f  mutually agreeable  by both p a r t i e s .  D r .  

Samir A.  El-Swaify was appointed a s  a  co l l abo ra to r  t o  r ep re sen t  

SWC. A c o l l a b o r a t o r ' s  appointment has been processed f o r  D r .  

Edgar W .  Dangler who w i l l  conduct much of t h e  f i e l d  and l abo ra to ry  

work dur ing  t h e  s a b b a t i c a l  l eave  of D r .  El-Swaify, January-December 

1973. 

D r .  El-Swaify has prepared a  d e t a i l e d  research  o u t l i n e  on 

"Erosion of T rop ica l    oils" t o  cover t h e  i n i t i a l  s t a g e s  of our  

coopera t ive  work. The ob jec t ives  a s  he  l ists them a r e :  

1. Compare t h e  r a i n f a l l ,  r unof f ,  and e r o s i o n a l  charac te r -  

i s t i c s  of s e l e c t e d  Hawaiian s o i l s  under n a t u r a l  and 

a r t i f i c i a l  r a i n f a l l  condi t ions .  

2. I d e n t i f y  t hose  p r o p e r t i e s  which a r e  most r e l a t e d  t o  t h e  

e r o d i b i l i t y  of t r o p i c a l  s o i l s  f o r  t h e  purposes of 

eva lua t ing  cu r ren t  p r e d i c t i v e  c a p a b i l i t i e s ,  and a l s o  

e s t a b l i s h i n g  f u t u r e  p r e d i c t i o n s  of s o i l  l o s s .  More 

s p e c i f i c a l l y  t o  eva lua te  t h e  a p p l i c a b i l i t y  of "Soil-Loss 

Equation" t o  t r o p i c a l  s o i l s .  
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3. I n v e s t i g a t e  i n t e r r e l a t i o n s h i p s  involv ing  t h e  y i e l d ,  

t r a n s p o r t ,  and recovery of sediments produced by e ros ion .  

A t  t h e  r eques t  of SCS, Walter Wischmeier was asked t o  i n s p e c t  

Hawaii e ros ion  problems and did t h i s  t h e  l a s t  of Apr i l  1972. H i s  

r e p o r t ,  received t h e  l a s t  week i n  May, recommended shipping a  

r a i n u l a t o r  from Watkinsvi l le ,  Georgia, t o  Hawaii t o  ob ta in  d a t a  

needed t o  al low use of t h e  "Universal S o i l  Loss Equation" f o r  

e ros ion  c o n t r o l  design i n  Hawaii, The Di rec to r ,  SWC, made arrange-  

ments f o r  t h i s  t o  be  done i n  June 1972. Arrangements were a l s o  

made f o r  a  crew from Watkinsvi l le  t o  opera te  t h e  machine i n  Hawaii 

f o r  a  month beginning i n  Ju ly  1972. The Laboratory was not  a  

pa r ty  t o  t h e s e  arrangements. 

Early i n  1972 M r .  Lloyd Myers was given approximately a 

2-month assignment i n  I-lawaii , beginning 7 June 1972, t o  ob ta in  

informat ion  u s e f u l  i n  planning our f u t u r e  research  e f f o r t s .  Upon 

h i s  a r r i v a l  he found t h a t  a l l  o the r  planned a c t i v i t i e s  had been 

overshadowed by t h e  pending a r r i v a l  of t he  r a i n u l a t o r .  No one i n  

Hawaii, i nc lud ing  M r .  Myers, had r e a l i z e d  t h e  magnitude of l o g i s -  

t i c a l  problems a s soc i a t ed  wi th  t h e  ope ra t ion  of t he  r a i n u l a t o r  . 
Actual ly ,  two machines were involved t o  cover p l o t s  12 x 35 and 

12 x 75 f  t i n  s i z e .  They a r e  l a r g e ,  complicated, d i f f i c u l t  t o  

assemble and disassemble, and r e q u i r e  l a r g e  t rucks  f o r  moving. 

They a l s o  r e q u i r e  a t  l e a s t  a  four-man f i e l d  crew, l a r g e  volumes 

of water ,  farming equipment f o r  p l o t  p repa ra t ion ,  and a  two-man 

labora tory  crew t o  analyze t h e  hundreds of water  and sediment 

samples generated.  I n  a d d i t i o n ,  t he re  a r e  many measurements 

necessary on t h e  p l o t s  be fo re  t h e  r a i n u l a t o r s  a r e  operated.  

Ass is tance  was u l t ima te ly  received from A. P.. Ba rne t t  and a  crew 

from SCS of Watk insvi l le ,  Georgia. The l o g i s t i c a l  problems have 

been so lved  by Univers i ty  of Hawaii, SCS, and ARS personnel ,  t h e  

r a i n u l a t o r  s t u d i e s  a r e  i n  progress  and should b e  completed i n  

A p r i l  1973. M r .  Myers agreed t o  commit funds f o r  D r .  El-Swaify 
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t o  h i r e  a  crew f o r  t h e  Watk insv i l l e  group t o  t r a i n  t o  run t h e  

r a i n u l a t o r  a f t e r  t h e i r  r e t u r n  t o  Watk insv i l l e .  The 1-month e f f o r t  

by t h e  Watk insv i l l e  crew and t h e  Univers i ty  con t inua t ion  should 

provide d a t a  from a t  l e a s t  1 2  sites. 

Major Findings of t h e  June-July Study Tour: 

1. Erosion and sediment p o l l u t i o n  a r e  unquestionably t h e  

most u rgent  s o i l  and water research  problems i n  Hawaii, 

2.  The f u t u r e  of t h e  sugar  cane i ndus t ry  w i l l  b e  i n  jeopardy 

i f  problems i n  t r i c k l e  i r r i g a t i o n ,  e ros ion  c o n t r o l  and 

m i l l  was te  d i s p o s a l  a r e  no t  solved w i t h i n  t h e  next  2 o r  

3 y e a r s .  Three p l a n t a t i o n s  have r e c e n t l y  gone out  of  

p roduct ion .  

3 .  Disposal  of wastes  from d a i r i e s ,  hog farms, chicken 

ranches,  and c a t t l e  feed  l o t s  is expected t o  become a 

l a r g e  and c r i t i c a l  problem w i t h i n  t h e  next  LO y e a r s .  

These opera t ions  w i l l  i n c r e a s e  a s  sugar  cane and pine-  

apple  l ands  a r e  d i v e r t e d  t o  sorghum product ion.  

4 .  S o i l  and water  problems such a s  seepage reduc t ion ,  water  

ha rves t i ng  and supplemental i r r i g a t i o n  a r e  s t i l l  impor tan t  

t o  Hawaii, bu t  a r e  now given lower p r i o r i t y  than they had 

5 years  ago. 

5. The p re sen t  s t a t e  government appears  t o  b e l i e v e  t h a t  

Hawaii 's  f u t u r e  l ies i n  tourism and t h a t  most of t h e  

requi red  a g r i c u l t u r a l  products  should be  imported. This  

could have s e r i o u s  imp l i ca t i ons  f o r  t h e  f u t u r e  of 

a g r i c u l t u r a l  r e sea rch  i n  Hawaii. 

M r .  Myers concluded t h a t  r e sea rch  p r i o r i t i e s  should b e  a s  

fol lows : 

1. F i r s t  p r i o r i t y  should b e  given t o  s t u d i e s  of r a i n f a l l ,  

runof f ,  and e ros ion .  There i s  an urgent  need f o r  r e l i a b l e  

d a t a  f o r  so lv ing  problems i n  e ros ion ,  sediment p o l l u t i o n ,  

and f lood  c o n t r o l .  
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a. Rainula tor  s t u d i e s  on small p l o t s  on r e p r e s e n t a t i v e  

s o i l  types should b e  cont inued f o r  4 months by AXS, 

t he  Univers i ty  of Hawaii, and SCS . Data should then  

be  analyzed and reviewed be fo re  deciding i f  a d d i t i o n a l  

AKS funds can be  j u s t i f i e d  f o r  t h i s  p r o j e c t .  I f  SCS 

and EPA wish t o  f inance  t h e  f i e l d  work beyond 4 

months, we should have no ob jec t ions  i f  i t  does not  

damage our  o the r  research .  

b .  The f i v e  l a r g e  f i e l d  p l o t s  should b e  instrumented a s  

soon a s  p o s s i b l e  t o  measure sediment a s  w e l l  a s  ra in-  

f a l l  and water  runoEf. Ca re fu l  and continuous main- 

tenance of ins t ruments  must b e  performed t o  i n s u r e  

ob ta in ing  accu ra t e  d a t a .  These p l o t s  w i l l  o b t a i n  t h e  

most r e l i a b l e  da t a  we w i l l  have on e ros ion  from pine- 

apple  and sugar  cane f i e l d s  and t h e  e f f e c t  of va r ious  

s t a g e s  of crop cover.  These da t a  w i l l  b e  needed t o  

confirm o r  t o  a d j u s t  da t a  obtained wi th  t h e  rainu-  

l a t o r s  . 
c .  Laboratory s t u d i e s  of s o i l  c h a r a c t e r i s  t i c s  a s soc i a t ed  

wi th  e r o d i b i l i t y  should b e  i n i t i a t e d .  Laboratory 

f ind ings  w i l l  b e  c o r r e l a t e d  wi th  r a i n u l a t o r  and 

l a r g e  f i e l d  p l o t  da t a .  Although t h i s  work w i l l  

b e  delayed by demands of t h e  r a i n u l a t o r  f i e l d  work, 

D r .  El-Swaify should be  encouraged t o  i n i t i a t e  some 

l abo ra to ry  s t u d i e s  be fo re  he  leaves  on a  6- t o  -12- 

month s a b b a t i c a l  i n  February 1973. 

2.  Second p r i o r i t y  should be  given t o  a s s i s t i n g  t h e  sugar  

cane p l a n t a t i o n s  wi th  t h e  design and eva lua t ion  of t r i c k l e  

i r r i g a t i o n  systems. A number of p l a n t a t i o n s  w i l l  go out  

of bus iness  i f  t h e s e  systems a r e  not  succes s fu l .  Work 

on clogging and hydrau l i c  design at t h e  USWCL can b e  of 
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value.  A n  1\16 engineer working on t r i c k l e  systems should 

consul t  w i th  t h e  Hawaiian Sugar P l a n t e r s '  Assoc ia t ion  t o  

coord ina te  ARS research  with ex t ens ive  i n v e s t i g a t i o n s  

be ing  conducted by t h e  p l a n t a t i o n s .  

An ARS technic ian ,  experienced i n  runoff ,  e ros ion ,  and 

water  management f i e l d  work and prel iminary d a t a  a n a l y s i s  

w i th  a  desk-type computer, should b e  t r a n s f e r r e d  t o  Hawaii 

a s  soon a s  poss ib l e .  Such competence is  badly needed f o r  

t h e  e x i s t i n g  s t u d i e s  and i s  not a v a i l a b l e  t o  t h e  Hawaii 

A g r i c u l t u r a l  Experiment S t a t i o n .  

Considerat ion should b e  given t o  research  on d i sposa l  of 

waste water  from sugar  mills, sewage t reatment  p l a n t s ,  

d a i r i e s ,  and hog farms, and on l and  d i sposa l  of wastes 

from c a t t l e  feed l o t s  and sewage t reatment  p l a n t s .  

I n i t i a t i o n  of any s i z e a b l e  research  p r o j e c t s  of t h i s  

na tu re  w i l l  r e q u i r e  a d d i t i o n a l  funding. However, i t  i s  

recommended t h a t  a  team of ARS e x p e r t s  v i s i t  Hawaii t o  

explore  t h e  urgency and f e a s i b i l i t y  of such research .  

Research on lower p r i o r i t y  problems, such a s  water  

ha rves t ing  and seepage con t ro l ,  should be  conducted as 

oppor tun i t i e s  f o r  cooperat ive p r o j e c t s  a r i s e .  These should 

b e  j o i n t  p r o j e c t s  between ARS s c i e n t i s t s  a t  mainland 

l o c a t i o n s  and i n v e s t i g a t o r s  l oca t ed  i n  Hawaii wi th  t h e  

Univers i ty  or  o t h e r  i n v e s t i g a t i v e  agencies .  The ob j e c t i v e  

should b e  t o  extend mainland research  t o  s o l v e  problems 

i n  Hawaii. 

RESULTS AND DISCUSSION, MINFALL-RUNOFF-EROSION : 

Ins t rumenta t ion  of t h e  f i v e  smal l  watersheds was completed i n  

December 1972. Following is  a  b r i e f  chronologica l  h i s t o r y  of t he  

ins t rumenta t ion  phase of t h e  s tudy .  
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April-May 1971 - S e l e c t i o n  of s i tes .  Two of t he  si tes a r e  on 

suga r  cane i n  a 100-200-inch r a i n f a l l  zone on t h e  I s l a n d  of 

Hawaii. The o t h e r  t h r ee  sites a r e  on t h e  i s l a n d  of Oahu, two 

pineapple  and one sugar  cane i n  an approximately 100-inch 

r a i n f a l l  zone. 

June 1971 - I n s t a l l a t i o n  of c r i t i c a l - d e p t h  measuring flumes 

wi th  a s s i s t a n c e  of S o i l  Conservat ion Se rv i ce  personnel .  

February 1972 - I n s t a l l a t i o n  of weighing raingages and water- 

s t a g e  r eco rde r s  a t  each s i t e  wi th  a s s i s t a n c e  of S o i l  Conser- 

va t i on  personnel .  

December 1972 - I n s t a l l a t i o n  of  sediment samplers and flume 

mod i f i ca t i ons  a t  each s i t e  w i t h  a s s i s t a n c e  of Univers i ty  

of Hawaii and S o i l  Conservation Se rv i ce  personnel .  

Also dur ing  December 1972 t h e  s i t e  survey of t h e  s i z e  of 

each watershed was completed. Following a r e  t h e  l o c a t i o n  and 

s i z e  of each a r e a .  

Laupahoehoe - 2.12 a c r e s ,  sugar  cane, I s l a n d  of Hawaii, 

Laupahoehoe Homesteads , Lot 16, Laupahoehoe Sugar Co. 

Honokaa - 5.34 a c r e s ,  suga r  cane, I s l a n d  of Hawaii, F i e l d  11, 

Honokaa Sugar Co. 

Waialua Sugar - 6.20 a c r e s ,  sugar  cane, I s l a n d  of Oahu, 

Waialua Sugar Go. , F i e l d  No. 24B, Haleiwa Quad. 21'35'45" 

North by 158°02'151' West. (Old S i t e  No. 3 ) .  

Waialua Pineapple  - 1.97 a c r e s ,  p ineapple ,  I s l a n d  of Oahu, 

Dole P ineapple  Co., F i e l d  No. 4707, Haleiwa Quad. 21°35'58" 

North by 158°02'09" West. (Old S i t e  No. 2 ) .  

M i l i l a n i  - 5.16 a c r e s ,  p ineapple  ( temporar i ly  fa l low)  

I s l a n d  of Oahu. Dole P ineapple  Co, Near I n l e t  t o  s iphon  

ac ros s  Kipapa s t ream,  Mauka of Waiahole Di tch ,  Waipahu Quad 

21°27'13" North by 157'59'51" West. (Old S i t e  No. 1 ) .  

I n spec t ion  t r i p s  t o  t h e  sites by Laboratory personnel  a f t e r  

t h e  o r i g i n a l  flume i n s t a l l a t i o n ,  1971, revealed t h a t  t h e  flumes 

1- 9 
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were being plugged wi th  sediment from t h e  watershed a r e a s .  Some 

runoff events  would depos i t  up t o  3 inches  of sediment i n  t h e  

flume ent rance .  This  neces s i t a t ed  t h e  cons t ruc t ion  of a flume 

modi f ica t ion  which would maintain higher  water  v e l o c i t i e s  and 

hopefu l ly  move t h e  sediment through t h e  flumes. The mod i f i ca t ion  

cons is ted  of  an i n s e r t ,  cons t ruc ted  a t  t h e  Laboratory and shipped 

t o  Hawaii. This  modi f ica t ion  changed t h e  flume ent rance  from 

3-it t o  I-Et bottom width and t h e  t h r o a t  s e c t i o n  from a 1 - f t  

t rapezoid  t o  a V-notch. The en t rance  s e c t i o n  was a l s o  r a i s ed  

0 . 1  f t  above t h e  t h r o a t  e l eva t ion .  To permit spreading of t h e  

flow f o r  sediment sampling, a 3-ft-long, 1-ft-wide t rapezoid  

ex tens ion  was added t o  t he  flume . 
The sediment samplers f o r  each s i t e  c o n s i s t  of 9 s p l i t t e r s  

4 f t  long,  spaced 5 inches a p a r t  w i th  a 1/8-inch s l o t  a t  t h e  top  

cons t ruc ted  f o r  1116-inch t h i c k  s t a i n l e s s  s t e e l  s h e e t  metal .  The 

s p l i t t e r s  sample 2.5% of t h e  t o t a l  flow. Water from t h e  s p l i t t e r s  

i s  c o l l e c t e d  and 1.067% of t h i s  flow i s  sampled by two s l o t s  i n  a 

r o t a r y  sampler and s t o r e d  i n  a 32-gal p l a s t i c  con ta ine r .  

O r i g i n a l l y ,  t he  raingages and water-s tage recorders  were 

se rv i ced  a t  monthly i n t e r v a l s  by S o i l  Conservation Serv ice  

personnel .  Af t e r  i n s t a l l a t i o n  of t h e  sediment samplers ,  s e r v i c i n g  

and maintenance a t  t he  s i t e s  is being performed by Univers i ty  of 

Hawaii personnel .  

A t r a n s l a t e r  has been purchased which is being used t o  

convert  t h e  raingage and water-stage recorder  d a t a  t o  punched 

tape f o r  process ing  by computer. Data a n a l y s i s  has  been s t a r t e d  

and, hopefu l ly ,  t h e  backlog w i l l  be  completed by J u l y  1973. 

SUMMARY AND CONCLUSIONS : 

Water ha rves t ing  s t u d i e s  have been completed except  f o r  

p e r i o d i c  weathering observa t ions  on p re sen t  i n s t a l l a t i o n s .  

P r e c i p i t a t i o n  runoff from a grassed s u r f a c e  i n  Hawaii was 

found t o  y i e l d  23% runoff from 2260 rnm (89 inches)  average annual 
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r a i n f a l l .  S tud i e s  on a small p l o t  where water  l o s s e s  from channel 

l o s se s  were minimized showed t h e  runoff  was g r e a t e s t  during t h e  

win te r  months. Runoff measurements f o r  a 39-month per iod  from 

i n d i v i d u a l  s torms showed t h a t  an average of 2 mm of p r e c i p i t a t i o n  

is  r equ i r ed  be fo re  runoff occurs .  A f t e r  runoff has  s t a r t e d ,  

approximately 49% of any a d d i t i o n a l  p r e c i p i t a t i o n  w i l l  run o f f .  

Many of  t h e  r a i n f a l l  events  occur a s  s m a l l  showers of low 

i n t e n s i t y .  Approximately 40% of t h e  t o t a l  p r e c i p i t a t i o n  occurs  

a s  storms of less than 6 mm, and 55% comes i n  s torms wi th  a r a in -  

f a l l  i n t e n s i t y  l e s s  than 6 mm per  hour.  Small r a i n f a l l  events  

and h igh  runoff th reshold  can account f o r  t h e  r e l a t i v e l y  low t o t a l  

runoff e f f i c i e n c y  . The p o t e n t i a l  water  s u p p l i e s  a r e  very h igh  i f  

low-cost means of  c o l l e c t i n g  t h e  sma l l  r a i n  showers can be  

developed. 

Emphasis is  be ing  r e d i r e c t e d  toward r a in fa l l - runo f f  and 

e ros ion  r e l a t i o n s h i p s  which appear t o  be  t h e  most u rgent  s o i l  and 

water  r e sea rch  problems i n  Hawaii. A second emphasis i s  developing 

i n  t h e  a r e a  of t r i c k l e - i r r i g a t i o n  research .  A short-range objec- 

t i v e  of t h e  l a t t e r  is  t o  reduce plugging of emitters on t r i c k l e  

i r r i g a t i o n  systems now f ind ing  ex t ens ive  u se  on t h e  suga r  cane 

p l a n t a t i o n s .  

The f i v e  watersheds f o r  t h e  r a in fa l l - runo f f - e ros ion  s t u d i e s  

have been instrumented and a r e  being s e r v i c e d  by Univers i ty  of 

Hawaii personnel  under a coopera t ive  agreement. The watersheds 

have been surveyed by t h e  S o i l  Conservat ion Se rv i ce .  They range 

i n  s i z e  from 2 t o  6 a c r e s .  Data a n a l y s i s  of r a i n f a l l  r u n o f f -  

from t h e  sites has  been s t a r t e d  by USWCL personnel .  To d a t e ,  t h e  

s i l t a t i o n  problem appears  t o  have been so lved  by t h e  modified 

flumes . 
PERSONNEL: G .  W .  F r a s i e r ,  - J. A. Replogle,  L. E .  Myers, and , 

J .  R .  Griggs 

CURRENT TEIiMlNATION DATE : 1972 
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TITLE : PHYSICAL AND CmLCAL CWCTERLSTICS OF 

HYDROPHOBIC SOILS 

CRIS WORK UNIT: SWC-018-gG4 CODE NO.: Ariz.-WCL-67-2 

Rangelands of the  a r i d  West have t r a d i t i o n a l l y  been a major 

suppl ier  of food and f i b e r  t o  consumer markets. The l ives tock-  

carrying capacity of these  rangelands o f t e n  i s  l imi ted  not so  much 

by the  shortage of graze as by a shortage of drinking water ,  

Streams i n  t h i s  a rea  o f t en  a r e  ephemeral, and s to rage  f a c i l i t i e s  

t o  concentrate the  p r e c i p i t a t i o n  runoff o f t e n  go dry each year--  

not because of lack of r a i n f a l l  but because of the  low runoff 

c h a r a c t e r i s t i c s  of the  cont r ibut ing  watershed, A cheaper, r e l i a b l e  

water source i s  needed, and water harvest ing o f f e r s  promise of 

being t h a t  source,  

Research a t  t h i s  laboratory showed t h a t  common pa ra f f in  wax 

could he used t o  e f f e c t i v e l y  reduce evaporation from water s torage  

tanks,  The s o l i d  wax was f loa ted  onto the tanks and allowed t o  

melt and spread i n  the  sun u n t i l  i t  formed a completely s o l i d ,  

f l o a t i n g  cover. It was postulated t h a t  these waxes s imi la r ly  

might be used fo r  water harvest ing by spreading ground o r  powdered 

wax onto s o i l  t o  render the  surface  water - repel lent .  

Two experimental p l o t s  were se lec ted  a t  the  Granite  Reef 
2 2 

experimental s i t e :  one 10-m and the  o ther  a 200-m r idge  and 

furrow p l o t .  The 10-mL p l o t  was t r ea ted  on June 29, 1972 a t  a 
2 

r a t e  of 1.35 lbs/yd of 143-150 F melting point  wax, and the  200-m 
2 

3 3  

plot  was t r e a t e d  on September 29, 1972 a t  a r a t e  of 1.25 l b ~ / ~ d ~  

of 128-130 F melting point: wax. Most of the  ground w a x  melted on 

the  hot s o i l  sur face  wi th in  a couple days, r e s u l t i n g  i n  a water- 

r epe l l en t  s o i l .  Runoff was co l l ec ted  i n  tanks and measured a t  the  

end of each storm. Results  from the  wax p l o t s  were compared t o  

those from adjacent  unt rea ted  p l o t s  and t o  a butyl-sheet  cover 

p l o t ,  

Total  p r e c i p i t a t i o n  a t  the t e s t  s i t e  f o r  the  6-month period 

commencing i n  Ju ly  was about 50% above normal. Table 1 shows 
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2  
t h a t  the  10-m p l o t  rece ived  8.48 inches  from 15 storms and t h e  

2 
200-111 p l o t  7.73 inches from 12 storms. Runoff from t h e  wax p l o t s  

averaged about 90% of  t he  t o t a l  p r e c i p i t a t i o n ,  whi le  t h a t  from t h e  

un t r ea t ed  p l o t s  averaged only about 30%. Four r a i n s  ranging from 

0.08 t o  0.21 inch  and t o t a l i n g  0.53 inch  produced no runoff a t  a l l  

from t h e  un t r ea t ed  p l o t ,  y e t  produced 0.44 inch  o r  82% runoff  from 

the  wax p l o t .  A s  expected, the  butyl-covered p l o t  y i e lded  approxi-  

mately 100% r u n o f f ;  however, t h e  wax p l o t s  y i e lded  92% a s  w e l l  a s  

the  bu ty l .  

Some o t h e r  favorab le  c h a r a c t e r i s t i c s  of t h e  wax p l o t s  a r e :  

(1) weeds were e l imina ted  because of t h e  s u s t a i n e d  l o s s  of s u b s o i l  

mois ture ;  (2) q u a l i t y  of  t h e  runof f  water  was very good because of 

low s a l t  conten t ,  low sediment conten t  and absence of t o x i c  organic  

r e s i d u e ;  (3) p o t e n t i a l  c o s t s  of harves ted  water  a r e  low because of 
2  

low m a t e r i a l  c o s t s  (1Od t o  154 per  yd f o r  wax compared t o  $2.00 
2  

t o  $3.00 per yd f o r  b u t y l  rubbe r ) .  

The p l o t s  w i l l  con t inue  t o  undergo t e s t i n g  t o  eva lua t e  long- 

term d u r a b i l i t y .  Also, a d d i t i o n a l  p l o t s  a r e  planned t o  check on 

minimal e f f e c t i v e  a p p l i c a t i o n  r a t e s  of wax. A machine i s  being 

developed t o  spread t h e  wax. The technique seems e s p e c i a l l y  we l l  

adapted f o r  t h e  rancher  who needs a d d i t i o n a l  water  s u p p l i e s  i n  

remote a reas ,  and who does no t  wish t o  i n v e s t  a  l a r g e  amount of 

money i n  s u p p l i e s  o r  equipment. Hopefully, w i t h  s l i g h t  addi -  

t i o n a l  p u r i f i c a t i o n ,  t he  water  from these  p a r a f f i n  p l o t s  even 

will .  be completely s a f e  f o r  human consumption, 

PERSONNEL: Dwayne H. Fink 

CURRENT TERMINATION DATE: December 1972 
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Table 1. Prec ip i t a t ion  runoff y i e l d s  (%) of wax-treated s o i l  vs .  
unt rea ted  and butyl-covered s o i l .  

Runoff (%) 
Q n 

Date Precip. 
10-mL p l o t s  200-mL p l o t s  

1 (1972) (inch) Wax Untreated Butyl Wax/Butyl Wax Untreated 2 

h g 1 2  0.21 

Sep 2 0,10 

Oct 5 0,30 

Oct 6 1,30 

Oct 18 1.44 

Oct 19 0,31 

Oct 25 0.08 

Dec 28 1.30 

Total  
y i e l d  

% 

(inches) 8.48 
3 

I t  7.734 

2 
1 Actual a rea  197.4 m . 

2 
2 Actual a rea  194.5 m . 

2 
3 Accumulated r a i n f a l l  on 10-m p lo t s .  

2 
4 Accumulated r a i n f a l l  on 200-m p lo t s .  
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WASTE-WATER RENOVATI 

FOR GROmD-WATER REG 

CRXS WORK UNIT: SWC-018-gG-4 CODE NO.: Ariz.-WCL 67-4 

INTRODUCTION: 

The year of 1972 was t h e  f i f t h  f u l l  year  of ope ra t ion  of t h e  

Flushing Meadows P r o j e c t ,  which i s  an  experimental  p r o j e c t  f o r  

renovat ing secondary sewage e f f l u e n t  by ground-water recharge 

i n f i l t r a t i o n  bas ins .  The p r o j e c t  i s  l oca t ed  i n  t h e  S a l t  

about 1 1 /2  mi les  downstream (west) from t h e  91s t  Avenue Phoenix 

Sewage Treatment P l an t .  The p r o j e c t  was cons t ruc ted  i n  1967 and 

the  bas ins  have been inundated according t o  var ious  f looding and 

drying schedules  s i n c e  September 1967. 

The e x c e l l e n t  cooperat ion wi th  t h e  S a l t  River  P ro j ec t ,  which 

received a  g ran t  from t h e  Environmental P ro t ec t ion  Agency f o r  

p a r t i a l  support  of t h e  p ro j ec t ,  was continued i n  1972. The g ran t  

terminated i n  December 1969, a t  which time t h e  f i n a n c i a l  support  

for  the  l abo ra to ry  technic ian  was assumed by the  S a l t  

P r o j e c t  . 
The ope ra t ion  of t h e  bas ins  i n  1972 was aimed a t  determining 

the  e f f e c t i v e n e s s  of "rejuvenating" t h e  soi l .  p r o f i l e  f o r  n i t r o  

removal, This  r e juvena t ion  was done by us ing  sho r t ,  f requent  

f looding  per iods  f o r  bas ins  1, 2, 5, and 6 ( i g u r e  1) i n  1971, 

Xn 1972, t h e s e  bas ins  were flooded wi th  long per iods  t o  d e t e  

i f  t h e  low ammonium l e v e l s  i n  t h e  renovated water would cont inue ,  

Short  f looding  per iods  were used f o r  bas ins  3 and 4 i n  2972, and 

sudangrass was grown i n  t h e s e  bas ins  t o  s e e  i f  t h e  ammonium l e v e l s  

i n  t h e  renovated water below bas ins  3 and 4 could be reduced. I n  

November and December, long f looding per iods  were used f o r  a l l  

bas ins  i n  connection with a  d e t a i l e d  s tudy  of t h e  chemistry and 

microbiology of n i t rogen  t ransformat ions  i n  t h e  upper 3 f t  of t h e  

s o i l  p r o f i l e  ( see  Annual Report by R. G. G i l b e r t ) .  
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To f a c i l i t a t e  o r d e r l y  p r e s e n t a t i o n  a f  t h e  r e s u l t s ,  t h e  r e p o r t  

i s  d iv ided  i n t o  t h r e e  s ec t i ons :  

I. I n f i l t r a t i o n  s t u d i e s .  

XI. Water q u a l i t y  s t u d i e s .  

III. Fu tu re  p r o j e c t s .  

I. %NFXLTRATXON S 

1. Recharge Basin Management. 

A p l an  of t h e  Flushing Meadows P r o j e c t  showing i n f i l t r a t i o n  

bas ins ,  observa t ion  we l l s ,  and experimental  ponds, i s  shown i n  

F igure  1. 

The cond i t i on  of t h e  bas ins  a t  t h e  s t a r t  of 1972 was a s  

follows: 

Basin 1. Bare s o i l .  

Basin 2. Gravel l aye r .  

Basin 3.  E s s e n t i a l l y  ba re  s o i l  wi th  some bermudagrass, 

e s p e c i a l l y  a long  s i d e s .  

Basin 4 .  A s  bas in  3. 

Basin 5, Dead g ra s s ,  mainly bemuda and sprangle top ,  

Basin 6 .  A s  ba s in  5. 

On 4 A p r i l  1972, bas ins  3 and 4 were "shaved" wi th  a  f r o n t -  

end loader  t o  remove s ludge  f l a k e s  t h a t  had accumulated during 

t h e  win te r  and sp r ing .  On 11 May, bas in s  3 and 4 were shaved, 

harrowed, and seeded wi th  sudangrass ( v a r i e t y  Monarch), A good 

s t and  of sudangrass was obtained.  From 11 Hay, t h e  water depth 

i n  bas in s  3 and 4 was about 6 inches,  whi le  t h e  o t h e r  bas ins  

were cont inued t o  be  f looded a t  a  water  depth of about  12 inches .  

En August 1972, ba s in  1 was i n  bare  s o i l ,  ba s in  2  had a  g rave l  

l aye r ,  bas ins  3 and 4 had a  mature s t and  of sudangrass ,  and 

bas ins  5 and 6 had dead g r a s s .  The sudangrass was no t  karve 

s o  t h a t  a t  t h e  end of 1972, ba s in s  3 and 4 had a  dead sudangrass 

cover, and t h e  o t h e r  bas in s  were a s  i n  August, w i th  more bare  soil .  

a r e a s  appearing i n  bas in s  5 and 6 .  I n  November, t h e  e f f l u e n t  
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s t a r t e d  i t s  u sua l  winter  q u a l i t y  d e t e r i o r a t i o n .  The increased  

suspended s o l i d s  content  gave i t  a  gray appearance and s ludge 

s t a r t e d  t o  accumulate i n  t h e  bas ins ,  e s p e c i a l l y  i n  t h e  upper one- 

t h i r d .  

2,  Z n f i l t r a t i o n  Rates ,  

The i n f i l t r a t i o n  r a t e s  aga in  were f a i r l y  uniform over t h e  

year and good recovery i n  t h e  i n f i l t r a t i o n  r a t e s  was gene ra l ly  

obtained dur ing  drying,  e s p e c i a l l y  du r in  t h e  long dry  pe r io  

(F igure  2 ) .  The c leaning  of bas ins  3 and 4 on 4 

good i n f i l t r a t i o n  recovery, a s  d id  t h e  extended dry  periods from 

26 J u l y  t o  19 September f o r  bas ins  1, 2, 5$  and 6 .  

kept  dry  i n  October i n  p repa ra t ion  f o r  t 

n i t rogen  t ransformation.  On 21 October, t h e  e f f l u e n t  stream 

contained cons iderable  sediment due t o  heavy r a i n f a l l  and r e s u l t i n g  

runoff and e ros ion  i n  t h e  va l l ey .  S i l t - l a d e n  e f f l u e n t  en tered  t h e  

basins  f o r  about 24 hours.  The depos i t i on  of sediment i n  t he  

bas ins  apparent ly  d id  not  have an apprec i ab le  e f f e c t  on subse 

i n f i l t r a t i o n  r a t e s ,  For some f looding  per iods ,  accu ra t e  i n f i l t r a -  

t i o n  d a t a  could not  be obtained because of r eco rde r  f a i l u r e  o r  

lack  of outf low,  These per iods  a r e  i nd ica t ed  wi th  a  ques t ion  

mark i n  F igure  2. The overflow s t r u c t u r e s  i n  t h e  bas ins  were 

s e t  a t  12 inches,  which y ie lded  a  water depth of around 13  inches ,  

a s i n s  3 and 4 were operated a t  a  depth of about 6 inches a f t e r  

t h e  sudangrass was seeded, 

The accumulated i n f i l t r a t i o n  amounts f o r  1972 a r e  sho 

Figure  3,  The average f o r  a l l  bas ins  i s  250 f t ,  a s i n s  3 and 4 

a r e  on t h e  low s i d e  because of t h e  l o  e r  water depth a f t e r  t h e  

p l an t ing  of sudangrass and t h e  mainly sho r t ,  f requent  inundat ions 

t h a t  were he ld  from May through October,  e  o ~ h e r  bas ins  had 

higher  i n f i l t r a t i o n  amounts, except bas in  i c h  was dry  i n  

October whi le  t he  o t h e r s  were f looded,  The high i n f i l t r a t i o n  i n  

bas in  2 i s  of i n t e r e s t ,  s i n c e  t h e  g rave l  cover had previous ly  

s y ie lded  t h e  lowest i n f i l t r a t i o n  anlounts, 

Annual Report of the U.S. Water Conservation Laboratory



Adding 30 ft to the annual infiltration amount for basin I 

to correct for the dry-up in October, thus making the schedule 

comparable to that of the other basins, the infiltration amounts 

for basins 1, 2, 5, and 6 were compared to the bench-mark or 

potential infiltration rates when these basins were first f 

to yield the following indexes of relative infiltration, 

Bas in Accumulated Bench-mark Accumulated Index of 
infiltration infiltration infiltratio? relat ive 

197 2 1967 ench-mark infiltration 
f t/yr f t/day infiltration 

The last column shows that basins 2, 5, and 6 were yieldin 

similar infiltration rates in relation to their soil permeability, 

but basin 1 yielded lower infiltration. Drying and cleaning of 

the basins to remove accumulated sludge are needed. 

The flooding peiiod in April was used to measure the re- 

sponse of the water level in ECW to infiltration, 

t o  a pseudo-equilibrium level was observed, in this case from 

-3,2 ft to - l , 5  ft local B%. The average infiltration rate while 

the water level in ECW was at pseudo-equilibrium was 1,535 ft/day. 

The resulting water-level rise per unit infiltration rate i 

1,7011.95 = 0,87. This is higher than the value of 0,73 obtained 

in December 1970 and would indicate an approximately 20% decrease 

in the hydraulic conductivity of the aquifer. owever, the f 

of 0.87 was obtained in the spring when the suspended solids con- 

tent of the effluent was still high. These solids settled on the 

soil surface in the upper 113 or so of the basins, causing t 

infiltration rates in the center portion of the basins, 

have a dominant effect on the water-level rise Ln ECW, to be 
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higher  than t h e  average r a t e  f o r  t h e  e n t i r e  bas ins ,  The r e s u  

f i g u r e  of 0.87 f o r  t h e  water - leve l  r i s e  per  u n i t  i n f i l t r a t i o n  r a t e  

y, t he re fo re ,  be too  high and t h e  measurements should be r e -  

peated i n  t h e  s u m e r  o r  f a l l  when the  sus  ended s o l i d s  content  of 

t h e  e f f l u e n t  i s  low, a s  was done i n  previous yea r s ,  

he s t a t i c  water t a b l e  i n  t h e  sp r ing  of 1972 

than  i n  December 1970. 

3 .  

The seepage measurements i n  t he  unl lned  ponds receivbn 

va ted  sewage water from t h e  Eas t  Well were d iscont inued  i n  

p a r t l y  because of a  pump f a i l u r e ,  and p a r t l y  because t h e  s e  

had p r e t t y  we l l  s t a b i l i z e d  a t  t h e  Owl-0.4 f t / d a y  l e v e l ,  

he permanent-effluent pond was f i l l e d  aga in  a f t e r  having 

been dry  i n  1971 and the  f i r s t  p a r t  of 1972 due t o  a  pump f a i l u r e .  

The seepage r a t e s  were gene ra l ly  a t  t h e  0 .1  f t / d a y  l e v e l ,  

creased r a t e s  occurr ing  i n  t h e  f a l l  (Figure 4) .  The water depth 

i n  the  pond i s  about 4  f t ,  so  t h a t  t h e  seepage a t  t h e  l - f t  depth 

would be about 0 .1  f t / d a y .  This i s  much l e s s  than t h e  s e e  

the  recharge bas ins  a t  l - f t  depth, where f looding  per iods  a r e  ro-  

t a t e d  with drying per iods  t o  maintain h i  h i n f i l t r a t i o n  r a t e s .  

2, T e e a r b o n .  

$he TOGcontent of t h e  sewage e f f l u e n t  was gene ra l ly  i n  t h e  

20-30 ppm range f o r  t h e  win ter  and sp r ing  per iod .  I n  t h e  s  

and f a l l ,  t he  e f f l u e n t  was of b e t t e r  q u a l i t y  and t h e  TOC-content 

was i n  t h e  10-20 ppm range (Figure 5 ) .  e  TOG-content of t h e  

renovated water from ECW was usua l ly  i n  t h e  2-7 ppm range exce 

f o r  two peaks i n  t h e  10-15 ppm range which seemed t o  occur a f t e r  

t h e  extended dry  per iods  i n  March, A p r i l  and 
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have a  s t i m u l a t i n g  e f f e c t  on d e n i t r i f i c a t i o n  i n  the s o i l .  I n  

November and December, the NO -N content  of the renovated water  3  
from ECW again showed the c h a r a c t e r i s t i c  peaks and low va lues  f o r  

the  long f looding  periods i n  these  months, 

Samples of the sudangrass  were taken on 23 August and anr- 

alyzed f o r  t o t a l  n i t rogen  content  * The ab ove-ground p l a n t p a r t s  

y ie lded  6.5 tons of dry mat te r  per  a c r e ,  which contained 1 7 4  l b s  

of N per  ac re  f o r  bas in  3  and 211 l b s  of N pe r  ac re  f o r  b  4 .  

This is  sma l l  compared t o  t he  t o t a l  n i t rogen  loading ,  which i n  

1972 averaged about 20,000 l b s  pe r  ac re  f o r  bas ins  3  and 4 .  

Shor t  fl.ooding per iods  were used f o r  bas ins  1, 2 ,  5 ,  and 6 

f o r  the f i r s t  t h r ee  months of 1972 a s  a  cont inua t ion  of the s h o r t  

per iods used i n  1971 t o  lower t h e  MI4-N conten t  of the renovated 

water .  The NH N content  of  the  renovated water f o r  these  months 4 - 
was i n  the 6-10 ppm range below bas ins  1 and 2  (we l l  1-2, Figure 

7) and i n  the 4-7 ppm range below bas ins  5  and 6 (wel l  5-6, 

Figure 8 ) .  The NO -N l e v e l s  i n  the renovated water  f o r  the f i r s t  3 
3 months of 1972 were s l i g h t l y  h ighe r  below bas ins  5 and 4 than  

below bas ins  1 and 2. For a l l  four  b a s i n s ,  t he  t o t a l  n i t rogen  

i n  the renovated water  was about the same as t h a t  i n  the  e f f l u e n t  

f o r  the f i r s t  3  months. The long f looding and drying per iods  in 

Apr i l ,  June, and Ju ly  y ie lded  the  c h a r a c t e r i s t i c  peaks and low 

values of the n i t r a t e  n i t rogen  i n  the renovated water  (Figure 7 

and 8)-  The NH -N concent ra t ion  remained l o w  below bas ins  5  a  
4  

6  (Figure 8) , b u t  increased  t o  about 25 pprn below bas ins  l and 2 

during the long f looding per iod  of June. The NH4-N l e v e l  i n  t he  

renovated water  from w e l l  1-2 then decreased again t o  about 4 ppm 

in November b u t  increased  somewhat during the long f looding  

per iod  of November, T t  then increased  appreciably dur ing  the  

very long f looding  per iod  of December, This f looding  per iod  

caused a  r i s e  i n  the NIi M l e v e l  f o r  w e 1 1  5-6, which had re- 4- 
mained below 5 ppin f o r  most of the yea r .  
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The renovated water  from w e l l s  1-2 and 5-6 both s h  

increase  in the NO -N content  s t a r t i n g  a t  the end of September 3 
and cont inuing  through October. This r e l ea se  oE n i t r a t e s  w a s  

probably due t o  the almost 2-month dry per iod  from 26 Ju ly  t o  

19 September, which must have produced i n t e n s i v e  n i t r i f i c a t i o n  of 

s t o r e d  ammonium i n  the s o i l .  The broad na tu re  of the NO3-peaks 

i n  October is  due t o  the use of s h o r t  f looding  pe r iods ,  which 

gave r a t h e r  sma l l  amounts of i n £  i l t r a t i o n  and caused high- 

n i t r a t e  renovated water t o  " l inger"  around the  i n t a k e  of  the 

w e l l s ,  When long f looding  was resumed i n  Movember, the high- 

n i t r a t e  water  was replaced and low n i t r a t e  l e v e l s  were observed 

in the  renovated wa te r .  

The n i t rogen  l e v e l s  i n  the renovated water  from w e l l s  1-2 and 

5-6 i n d i c a t e  t h a t  the low NH -N l e v e l s  obtained i n  1971 by using 4 
s h o r t ,  f requent  f looding periods could be maintained i n  1992. 

The long f looding  periods i n  bas ins  1 and 2 i n  June and Dece 

showed, however, t h a t  the NH N l e v e l s  i n  the  renovated 4- 
e a s i l y  i nc rease  again,  which demonstrates t h e  need f o r  c a r e f u l  

scheduling of f looding  and drying cyc les  t o  minimize the ammonium 

content i n  the renovated water .  

Renovated water  from the ou t ly ing  w e l l s  (wel l s  1, 7 ,  and 

had average NO -N concent ra t ions  i n  the  4-6 ppm range (Table 2 ) ,  3 
Occasional h i g h i n i t r a t e  l e v e l s ,  such as f o r  w e l l  7 (Table 2) , a r e  

the r e s u l t  of a sequence of s h o r t  f looding per iods  o r  they i n d i c a t e  

the a r r i v a l  of n i t r a t e  peaks when long f looding per iods  a r e  used. 

&e n a t i v e  ground wa te r ,  as y i e lded  by w e l l s  8 ,  W C W ,  and 91s t  Ave, 

contained l i t t l e  o r  no n i t r a t e  n i t rogen  (Table 2 ) .  The NH4-N 

concent ra t ion  in t he  renovated water  from the  ou t ly ing  w e l l s  was 

around 3 ppm f o r  w e l l s  1 and 7 ,  and about 7 ppm f o r  Hd ( T a b l e  31, 

LQw ammonium l e v e l s  were observed i n  the n a t i v e  ground water  

(Table 3) . 
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4. Phosphates. 

The PO P concent ra t ion  i n  t h e  secondary e f f l u e n t s  w a s  4- 
around 10 pprn (Figure 9 ) .  The PO4-P content  of the renovated 

water  from the we l l s  i n s i d e  the bas in  a r e a  averaged about 5 ppm, 

b u t  showed cons iderable  v a r i a t i o n s  which a r e  d i f f i c u l t  t o  expla in .  

The phosphate removal f o r  the w e l l s  i n s i d e  t h e  bas in  a r ea  was 

about the  same a s  i n  previous years .  The renovated water  from 

the  ou t ly ing  w e l l s  1 and 7 contained about 1-2 pprn PO P, except: 4- 
f o r  a few h ighe r  values f o r  w e l l  7 i n  t h e  summer. 1'he average 

PO -$ concent ra t ion  f o r  the was 4 pprn (Table 4 ) ,  whereas t h e  4 
n a t i v e  ground water (wel l  8 i n  Figure 1 0 ,  and WCW and 91s t  Ave. 

w e l l  i n  Table 4) contained e s s e n t i a l l y  no phosphate. 

The phosphate removal percentages have been r a t h e r  cons t an t  

during the  l a s t  4 years  of t h e  p r o j e c t ,  i n d i c a t i n g  t h a t  p r e c i p i t a -  

t i o n  r a t h e r  than adsorp t ion  i s  the main mechanism a t  hand. 

5. F luor ide .  

The average f l u o r i d e  concent ra t ion  of the  e f f l u e n t  w a s  4.2 ppm 

(Table 5) .  The F-content of  the  renovated water  from the  w e l l s  

i n s i d e  the bas in  a r e a  was about 3 pprn o r  a reduct ion  of about 30%. 

The average F-content f o r  the  ou t ly ing  w e l l s  1 and 7 was 1.8 o r  a 

reduct ion  of  almost 60%. The n a t i v e  ground water had an F-content 

of about 0.6 pprn (Table 5 ,  W C W ,  w e l l  8 ,  and 9 1 s t  Ave. w e l l ) .  

6 .  Boron. - 
Boron concent ra t ions  i n  the  e f f l u e n t  were 0.7 t o  0.8 pprn 

(Table 6 ) .  The same concent ra t ions  were observed f o r  the wells 

i n s i d e  the b a s i n  a r ea .  Somewhat h ighe r  l e v e l s  occurr red  i n  t h e  

ground water  (wel l  8, Table 6 ) .  Boron is not  removed as t h e  ef- 

f l u e n t  water  moves through the  sands and grave ls  of the S a l t  River 

bed. 

7. Dissolved S a l t s .  

The TDS content  of t he  e f f l u e n t  remained i n  the 1,000-1,200 . 

ppm range (Table 7) .  The s a l t  content  of t he  w e l l  waters  s h m s  
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t h a t  w e l l s  1, 1-2, ECW, 5-6, 7, and EM y i e l d e d  renovated water, 

but t h a t  W C l J  and w e l l  8 y ie lded  n a t i v e  round water ,  as did the  

9 l s t  Ave. we l l .  Wells WCW and w e l l  8 previorrs1.y y i e l  

vated sewage water  (see previous 

The i n t r u s i o n  of n a t i v e  ground water  i n t o  WCW 

may be due t o  an increased  eastward gradien t  in t h e  gro 

caused by heavy ground-water withdrawals i n  t he  u h a n  areas  of 

t he  v a l l e y ,  This increased  g rad ien t  could reduce "ce l a t e r a l  an 

read of t he  renovated water  i n t o  the  aq 

?the n a t u r a l  g rad ien t  of the ground water w i l l  be d 

i n  1973 by c a r e f u l  water  l e v e l  measurements i n  t h e  

w e l l s .  Addi t iona l  we l l s  may have t o  be i n s t a l l e d  i n  a 

d i r e c t i o n  from t h e  Flushing Meadows P r o j e c t  t o  eva lua t e  the e f f e c t  

of a d d i t i o n a l  underground movement on the q u a l i t y  i 

the renovated water ,  

The pH of the renovated water  was a ro  

mit l e s s  than the pH of the  e f f l u e n t  (Table 8). 

9 .  Feca l  Collform Density . 
The f e c a l  coliforrn d e n s i t y ,  which Fs of t he  o r d e r  lo5  t o  1 6 

p e r  1.00 ml. i n  the secondary eff luent ,was be 10/100 aP 

f o r  the renovated water  from ECW dur ing  the  f i r s t  3 months of t he  

y e a r  when long f looding periods were used i n  bas i n s  3 and 4 

(I3gure l l ) ,  Counts of c lose  t o  100/ l00 m l  were obtained i n  Apr i l  

and June, fol lowing the s t a r t  of new f looding  pelrfo s ,  The s h o r t  

f looding per iods  a f t e r  20 June produced co l i form counts of l e s s  

than l O / l O O  d (except f o r  10 September). Coliform peaks &re 

obtained a f t e r  the  start of t he  long £Looding per iods  i n  'Cdove 

d December, 

Low co l l form de i t i e s  i n  the renovated water  from E 

apparent ly obta ined  during long f1oodi.ng per iods  ( s eve ra l  weeks) 

a l t e r n a t e d  wi th  s h o r t  drying pe r iods ,  o r  wi th  a sequ 
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frequent  f looding  periods ( f o r  example 2 days wet and 5 days d r y ) ,  

8ie h ighes t  co l i form count i n  the  renovated wa te r  from ECW occurred 

a f t e r  the  s t a r t  of a long f looding  per iod  fol lowing a long dry 

per iod .  Continued removal of f e c a l  col i forms t a b s  p l ace ,  h 

eve r ,  with a d d i t i o n a l  underground t r a v e l  of  the  renovated wa te r ,  

Fecal  co l i form d a t a  f o r  we l l s  7 and EW a r e  shown i n  F i  

and 13, r e spec t ive ly .  The W C W  and w e l l  8 y i e lded  water  t h a t  was 

f r e e  of f e c a l  col i forms.  

111. FUTURE PROJECTS 

The grant  a p p l i c a t i o n  f o r  t h e  23rd Avenue P r o j e c t ,  

would be a 40-acre h igh- ra te  i n f i l t r a t i o n  system renova 

15 mgd, was modified by the City of  Phoenix at t h e  r e q u e s t o f  EPA 

s o  t h a t  the p r o j e c t  could be f inanced i n  t h r e e  equal  yea r ly  i n -  

st al lments  . Hope f u l l y ,  t h e  grant  will be arded b e f o r e  1 July 

1973. 

Ef f luent  samples taken from the 23rd Avenue P lan t  s b  

the re  is not  much change i n  the  e f f l u e n t  as i t  goes through the 

Wo ox ida t ion  ponds (Table 9 ) .  The v i s u a l  appearance i n d i c a t e s ,  

hrmever, t h a t  the suspended s o l i d s  coa t  n t  decreasee and 

algae content  i nc reases .  The second ox ida t ion  pond, which is  

40 acres  i n  s i z e ,  would be divided i n t o  4 i n f i l t r a t i o n  bas ins  f o r  

the proposed p r o j e c t .  

Folluwing one of the recommendations of t h e  Phase I Rio 

Salado Report,  a proposa l  f o r  a demonstration p r o j e c t  i n  t he  Tempe 

a rea  of the S d t  M v e r  bed w a s  developed. The p r o j e c t  c o n s i s t s  

of conversion of  abandoned grave l  p i t s  i n  the r i v e r  bed between 

McClintock and Rural Road t o  r e c r e a t i o n a l  l akes ,  Water f r o  

lakes  would flow i n t o  a 2,000 m s e c t i o n  of the f lood  c o n t r o l  

.channel ,  mainly between Rural Road and Mi11 Avenue, t o  c r e a t e  an 

Olympic-size r m i n g  course.  Prom the  rowing course the  water w s  

flow t o  a sma l l  r e c r e a t i o n a l  l a k e  i n  the S a l t  Rlver bed north of  

the Tempe Beach park .  Water f o r  t h i s  p r o j e c t  would be  sup  

Annual Report of the U.S. Water Conservation Laboratory



by a w e l l  t o  be constructed i n  the S a l t  River bed near  McClintock 

Road. This w e l l  would pump a mixture of n a t i v e  ground water  

and renovated sewage water .  The source  of the sewage water  i s  

the Hesa sewage t reatment  p l a n t ,  which d ischarges  about 4 - 5  mgd 

of secondary e f f l u e n t  i n  t he  r i v e r  bed about a m i l e . e m t  of 

McClintock Road. A l l  of t h i s  e f f l u e n t  seeps  i n t o  the S a l t  M v e r  

bed i n  the  f i r s t  half-mile  of t he  e f f l u e n t  channel.  

SUMMARY AND CONCLUSIONS 

The average accumulated i n f i l t r a t i o n  of the s i x  F l w h i n  

Meadaws P r o j e c t  bas ins  f o r  1972 was 250 f t .  This i s  l e s s  than 

the p o t e n t i a l  maximum i n f i l t r a t i o n ,  because s h o r t ,  f requent  in -  

undation per iods  were used along with s e v e r a l  long dry ing  p e r i o  

f o r  o t h e r  s eud ie s ,  For t he  f i r s t  t ime, the  i n f i l t r a t i o n  i n  the  

gravel-covered b a s i n  w a s  no t  s i g n i f i c a n t l y  lower than t h a t  i n  t he  

o t h e r  bas ins .  The Flushing Meadows P r o j e c t  is an experimental 

ground-water recharge f a c i l i t y  i n  the S a l t  River bed west of 

Phoenix. It w a s  i n s t a l l e d  i n  1967 t o  s tudy renovat ion of secon 

e f f l u e n t  by h igh- ra te  s o i l  f i l t r a t i o n ,  

The Tota l  Organic Carbon content  of t h e  e f f l u e n t  w a s  i n  the  

20-30 ppm range f o r  w i n t e r  and s p r i n g  and i n  the  10-20 ppm range 

f o r  summer and f a l l ,  The TOC content  of  the  renovated wa te r  w 

usua l ly  i n  t h e  2-7 ppm range, except f o r  a few periods of h i  

values (10-15 ppm) a t  the  beginning of a f looding  per iod  f o l  

a long dry ing  per iod .  

The t o t a l  n i t rogen  content  of t he  secondary e f f l u e n t  w a s  

mostly in the  30-40 pprn range, The ammonium levels i n  the ren- 

ovated water  below basfns  3 and 4 ,  which were h igh  at the be 

of the  y e a r  because of continued use of Long f looding  per iods  i n  

previous y e a r s ,  decreased from a range of 20-25 ppm 

f i r s t  5 months of the yea r  t o  about 6 ppm XEI -N i n  December. 4 
i s  

reduct ion  was the  r e s u l t  of us ing  s h o r t ,  frequen"c1oodinng per iods  

(2 days w e t ,  5 days dry)  and g r m i n g  a. crop (sudangrass) i n  t h e  
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bas ins .  Some r e l e a s e  of n i t r a t e  n i t rogen  occurred ,  mainly i n  

September and October, when the  NO -N concent ra t ion  i n  the reno- 3 
vated wa te r  below bas ins  3 and 4 increased  t o  about 20 ppm. Use 

of two long f looding periods i n  November and Decenber again 

y ie lded  the usua l  n i t r a t e  p a t t e r n  of  peaks and almost zero levels 

between peaks i n  the renovated wa te r ,  wh i l e  t h e  ammonium l e v e l  i n  

the renovated wa te r  remained low. Thus , a sequence of  s h o r t ,  

f requent  f looding  periods and the growing of a crop were e f f e c t i v e  

i n  reducing the amount of adsorbed ammonium i n  the  s o i l ,  enabl ing  

again the use of  long f looding  per iods  f o r  maximum n i t rogen  re-  

moval. The NH N l e v e l s  below b a s i n s  1, 2, 5, and 6 ,  f o r  4- 
s h o r t ,  f requent  f looding periods were used i n  1971 t o  reduce the  

ammonium l e v e l s  i n  the renovated wa te r ,  genera l ly  remained below 

5 ppm f o r  bas ins  5 and 6 during the e n t i r e  y e a r ,  and below 1 0  pprn 

f o r  bas ins  1 and 2 during the f i r s t  5 months o f  the y e a r ,  Af t e r  

t h i s ,  the ammonium l e v e l  increased  due t o  a long inundat ion  per iod  

and r e s u l t i n g  s a t u r a t i o n  of t he  ca t ion  exchange complex i n  t h e  

s o i l  wi th  ammonium. 

The PO -P concent ra t ion  i n  the  e f f l u e n t  w a s  about 10 ppm, 4 
Phosphate removal was about t h e  same as i n  previous y e a r s ,  i , e  , , 
about 50% f o r  the renovated water  pumped i n  t he  cen te r  of the b 

a r ea  and 80 t o  90% f o r  the renovated water  from a, w e l l  100 f t  no r th  

of bas in  1. Fluoride removals from the renovated water  from t h e  

we l l s  were 30% and 60%, r e spec t ive ly .  The average f l u o r i d e  con- 

c e n t r a t i o n  i n  the e f f l u e n t  was 4.2 ppm, Boron l e v e l s  were about 

0.8 ppm i n  the  e f f l u e n t  as w e l l  as i n  the renovated water .  The 

pH of the e f f l u e n t  continued t o  be about 8 and t h a t  of the reno- 

vated wa te r  about 7. 

The s a l t  content  of the  e f f l u e n t  remained i n  the 1,000-1,200 

ppm range. The most d i s t a n t  w e l l  and the  deep w e l l  in the cen te r  

of t he  b a s i n  a r ea  both showed replacement of renovated wa te r  by 

n a t i v e  ground wa te r ,  poss ib ly  due t o  increased  ground water  
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gradients  caused by heavy pumping i n  t he  S a l t  River Valley e a s t  

of the Flushing Meadows P r o j e c t .  

The fecal. co l i form count of the  renovated wa te r  below bas ins  

3 and 4 was usua l ly  l e s s  than 10 pe r  100 m l  during the  s h o r t ,  

f requent  f looding  periods and during the l a t e r  s t a g e s  of long 

f looding pe r iods .  Higher col i form d e n s i t i e s  (about 100/100 m l )  

were observed a t  the beginning of a  long  f looding  per iod  f o l l w i n g  

an extended dry pe r iod .  

A s  regards f u t u r e  p r o j e c t s ,  the grant  a p p l i c a t i o n  f o r  the  

40-acre basin system t o  renovate about 15 mgd of e f f l u e n t  from t h e  

23rd Avenue Sewage P lan t  was rev ised .  Plans f o r  a  p i l o t  Rio Salado 

P ro jec t  in the  S a l t  River bed nor th  of Arizona S t a t e  Universi ty  

we r e  developed. The p lan  inc ludes  s e v e r a l  r e c r e a t i o n a l  l akes  and 

a  rowing course ,  us ing  renovated sewage e f f l u e n t  as a  water  source .  

PERSONNEL: H.  Bower ,  R, C. Rice, E, X). Escarcega, and M, S. Riggs 

CURRENT TERMINATION DATE: 1973 
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Table 1. T o t a l  o r g a n i c  carbon i n  mg/l f o r  var ious  w e l l s  (19.72). 

Date 

19 J a n  

30 Mar 

27 Apr 

24 May 

21 Jun 

19 J u l  

31 Aug 

27 Sep 

25 Oct 

21  Nov 

20 Dec 

Ave . 

EW - WCW - 
2.8 0.8 

0 0 

2.4 2.8 

6 .6  7.4 

8.0 2.6 

6.5 3.8 

1 .5  1 . 2  

- 9.2 

7.6 3.6 

5.2 0 

6 . 1  6.9 

5 - 2  

9 l s t  Ave. 

... 
- 
- 

4.6 

- 
1.5 

- 
... 
- 
.-. 

- 

Annual Report of the U.S. Water Conservation Laboratory



Table 2. 

Date 

19 Jan 

30 Mar 

27 Apr 

24 May 

2 1  Jun 

19 J u l  

31 Aug 

27 Sep 

25 Oct 

21 Nov 

20 Dec 

Ave . 

Ni t ra t e -n i t rogen  concent ra t ions  i n  mg/l f o r  various we l l s  

(1972) . 
91st  Ave. 
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Table  3 .  

Date 

19 Jan  

30 Mar 

27 Apr 

24 May 

21 Jun 

19 J u l  

31 Aug 

27 Sep 

25 Oct 

21 Nov 

20 Dec 

Ammonium-nitrogen 

(1972).  

concen t r a t i ons  i n  mg/l f o r  va r i ous  wells 

91s t  Ave. 

Ave 
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Table 4 .  Phosphate-phosphorus concent ra t ions  i n  mg/l f o r  various 

wel l s  (1972) .  

Date 

19 Jan 

30 Mar 

27  Apr 

24 May 

21 J.un 

19 J u l  

31 Aug 

2 7  S e p  

25 Oct 

21 Nov 

20 Dec 

Ave . 
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Table 5. Fluoride 

Date 

3-7 J an  

7-14 J an  

14-21 J a n  

21-2 8 Jan  

28-31 J an  

14-18 Feb 

18-25 Feb 

28-29 Feb 
7 1 - 3 M a r  
I-' 
a 3-10 Mar 

10-15 Mar 

10-14 Apr 

14-21 Apr 

21-24 Apr 

31 May 
I Jun 

5-9 Jun 

12-16 Jun 

16-2 3 J u ~  

23-28 Jun  

5-7 J d  

concent r a t i  on9 

Date - 
- 

30  Mar 

27 Apr 

24 May 

2 1  Jun 

1 9  J u l  

3 1  Aug 

27 Sep 

25 Oet 

21. Nov 

for  e f f l u e n t  and w e l l s  (1972).  

9 1 s t  Ave. 

- 

- 

- 
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Table 5. F luor ide  concent ra t ions  i n  mg/l f o r  e f f l u e n t  and w e l l s  (1972) - Continued, 

Date - 
12-14 J u l  

14-21 J u l  

24-2 8 J u l  

3-4 Aug 

9-11 Aug 

16-18 Aug 

23-25 Aug 

31 Aug- 
1 Sep 

W 
I 
N 

6-8 Sep 
0 

19-21 Sep 

5-6 O c t  

18-19 Oct 

25-26 O c t  

26-27 Oct 

3-10 Nov 

1 0 - l l  Nov 

4-8 Dec 

8-15 D e c  

15-22 Dec 

22-29 Dec 

Ave . 

E f f l .  Date - - 1 - 1-2 E m  5-6 - - 7 8 - - EId - - WCW 9 l s t  Ave, 

3.5 

3.9 20 Dec 1 .5  4.2 4.2 3.6 2.5 - 3.0 0.7 - 
3.6 

4.0 

4.6 Ave. 1 .4  3 . 1  2.8 3.2 2.2 0 .7  2.2 0.6 0.6 

4.9 

4.9 

Annual Report of the U.S. Water Conservation Laboratory



Table 6 .  Boron concen t r a t i on  i n  mg/l f o r  e f f l u e n t  and w e l l s  (1972). 

Date - E f f l .  1 - 
30 Mar - 0.74 

27 Apr - - 
19 J u l  0.80 0.80 

31  Aug 0.74 - 
2 1  Nov - 0.76 

20 Dec 0.72 - 

1-2 - ECW - 
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LII mg( J. zor  exrluenc ana w e l i s  

D a t e  -- 
18-19 Jan  

30 M a r  

27 A p r  

24 May 

20-21 Jun 

18-19 J u l  

31 Aug 
W 

27 S e p  
N 

25 Oce 

2 1  Nov 

19-20 D e c  
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Table 8 .  pH of e f f l u e n t  and wate r  from w e l l s  (1972).  

Date - 
18-19 Jan 

30 Mar 

27 Apr 

24 May 

20-21 Jun 

18-19 J u l  

3 1  A u g  

w 27 Sep 
h, 

w 25 O c t  

2 1  Nov 

19-20 D e c  

A v e  . 

E f f l .  

7.9 
- 

ECW - 
6.9 

6 .8  

7.0 

6 . 7  

6.9 

6 . 7  

6.9 

6 .8  

6.9 

6 .9  

6 .9  

9 1 s t  A v e .  
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Table 9 .  Qual i ty  parameters i n  u g / l  o f  secondary e f f l u e n t ,  23rd Avenue Phoenix Sewage 

Treatment P l an t  (samples taken 2  November 1972). 

TO C N I f 4 - N  NO3-N NO2-N PO4-P TDS 
- - pH 

- 

Ef f luen t  e n t e r i n g  f i r s t  20.7 17.7 0  0 . 1  6 .4  7  81  7 . 3  
oxida t ion  pond 

Ef f luen t  l eav ing  f i r s t  19.6 25.3 0  0 , l  9.6 896 7.7 
oxida t ion  pond and 
e n t e r i n g  second 
oxida t ion  pond 

Eff luent  l eav ing  
w second oxida t ion  

I 
N pond 
C 
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F i g u r e  1. Schemat ic  o f  F l u s h i n g  Meadows P r o j e c t .  
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Figure 2. fnfiltration rates in recharge basins and rainfall. 
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Figure 3. Accumulated infiltration in recharge basins. 
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-JJ--. E.C.W. 

F i g u r e  5 .  TOC of  e f f l u e n t  a n d  r e n o v a t e d  water. 
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Figure 6 ,  Total nitrogen in effluent and nitrate- in renovated water f rom EC 
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F i g u r e  7 .  T o t a l  n i t r o g e n  i n  e f f l u e n t  and n i t r a t e - N  and amonium- in renovated water from @ell 1-2 .  I 
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o t a l  n i t rogen  i n  e f f l u e n t  and n i t r a t e -  and ammonium- in renovated water from 
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ure 10. Phosphate-P  concentrations i n  effluent, renovated water from Wells l and 7, find native 
water from Well 8. 
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Figure 11. e c a l  c o b i f o m  density in renovated water from ECW. 
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F i g u r e  1 2 .  Feca l  co l i form density i n  r e n o v a t e d  w a t e r  f r o m  W e l l  7 .  
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i g u r e  13, F e c a l  eol i form density i n  renovated water from EM, 
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TITLE : EVAPORATIOM OF WATER FROM SOIL 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.: Ark.-WCL-68-1 

The objective and need for the research reported under this 

research outline appeared in the USWCL 1969 Annual Report. Two 

field experiments were conducted, one in July 1970, the second in 

March 1971, in which soil-water content and soil temperatures were 

measured as a function of depth and time. Evaporation rates and 

various meteorological parameters were also measured, The 1970 and 

1971 Annual Reports contain detailed information on these experi- 

ments. During 1972 work continued on the analysis of data from the 

experiments. Manuscripts were prepared (and abstracted below) on 

soil-water flux patterns as a function of time and depth, and move- 

ment and accumulation of salt under diurnal evaporating conditions. 

Current work not yet in manuscript form is concerned with the mathe- 

matical description of soil-water flux under diurnal conditions 

using the theory of Philip and DeVries (Trans. Amer. Geophys. Union 

38~222-232, 1957)) the calculation of soil heat flux using a calori- 

metric procedure, and the calculation of salt flux. 

In addition to work on evaporation, a manuscript was prepared 

on the subject of soil and water management practices for calcareous 

soils. This manuscript was a background paper for a lecture given 

at a symposium in Cairo, Egypt, by invitation of The Food and 

Agriculture Organization and the United Nations Development Program. 

DIURmI, SOIL-WATER EVAPORATION: TIMl3-DEPTH-FLUX PATTERNS 

R. D, Jackson, B. A. Kimball, R. J. Reginato, and F. S. Nakayama 

The rapid changes in direction and rate of soil-water movement 

within the surface zone of a field soil were demonstrated for the 

first time. During the morning and midday hours, water moved 

upward toward the surface in about the top centimeter of soil and 

moved downward below that depth. This two-directional movement 

caused the soil surface to dry very rapidly. The soil-water flux 

at 9 cm showed from 2 to 4 maxima and minima during a 24-hour period. 

These results provide aid for understanding the evaporation process 
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and may lead t o  means f o r  reducing evaporat ive l o s s e s  of water from 

s o i l .  

DIURNAL SOIL-WATER EVAPORATION: 

CHLORIDE MOVEMENT AND ACCUMULATION NEAR THE SOIL SURFACE 

F. S. Nakayama, R .  D. Jackson, B.  A .  Kimball, and R. J. Reginato 

Chloride and water conten ts  near  t h e  s o i l  su r f ace  of a ba re  

s o i l  were i n t e n s i v e l y  measured under f i e l d  condi t ions .  Soon a f t e r  

i r r i g a t i o n ,  c h l o r i d e  content  near  the  su r f ace  followed a  d i u r n a l  

p a t t e r n ,  bu t  out-of-phase from the  s o i l  water conten t .  This p a t t e r n  

for  the c h l o r i d e  became l e s s  with time a s  t he  s o i l  d r i ed  out .  No 

cyc l ing  of  c h l o r i d e  accumulation was present  a t  t he  I- t o  2-cm and 

deeper depths even though the  d i u r n a l  cyc l ing  was present  f o r  t he  

water .  Most of the  t o t a l  ch lo r ide  accumulation a t  t he  su r f ace  

occurred i n  the  e a r l y  s t ages  of drying.  The c h l o r i d e  moved a t  water 

conten ts  a s  low as  4% i n  t h e  Adelanto s o i l .  Thus, t o  conserve water,  

leaching of so lub le  s a l t s  can be made a t  water conten ts  much below 

the sa tu ra t ed  s t a t e  a s  long a s  downward movement of the  s o i l  

s o l u t i o n  predominates. 

SOIL AND WATER MANAGEMENT PRACTICES FOR CALCAREOUS SOILS 

R. D .  Jackson and L. J. E r i e  

Soi l -water  flow theory is  being used t o  p r e d i c t  i n f i l t r a t i o n  

r a t e s ,  drainage from t h e  r o o t  zone, and the  requirement f o r  

a r t i f i c i a l  d r a i n s .  From b a s i c  s t u d i e s  on s a l t  and water movement, 

an improved concept of leaching of s a l t s  has evolved. By us ing  

i n t e r m i t t e n t  ponding o r  low i n t e n s i t y  sp r ink l ing ,  a s  much s a l t  can 

be leached with l e s s  water than with continuous ponding. This 

concept led  t o  an improved method of c a l c u l a t i n g  the  leaching 

requirement.  Minimum t i l l a g e  i s  recommended t o  maintain adequate 

i n f i l t r a t i o n  r a t e s  on ca lcareous  s o i l s .  I r r i g a t i o n  t rends  a r e  

toward "dead leve l"  bas ins  f o r  maximum water a p p l i c a t i o n  e f f i c i e n c y  

and s a l t  con t ro l .  Consumptive use  d a t a  f o r  s p e c i f i c  crops and 

computer fo recas t ing  a r e  now used f o r  i r r i g a t i o n  scheduling.  

PERSONELL: R. D.  Jackson, F. S. Nakayama, B ,  A .  Kimball, 

R. J .  Reginato, H. Mastin 

4- 2 
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FABRICATED- I N -  PLACE, REIW CED RESERVOIR LININGS 

AND GROUND COVERS 

(XIS WORK WIT: SWC-018-gG4 CODE NO.: A.riz.-WCL-68-2 

Observations were continued of weathering performance of 

surface  coatings f o r  asphal t - f iberglass  membranes. F ie ld  s tud ies  

consisted of applying a new s e a l  coat t o  the  Tombstone catchment. 

DISCUSSION : 

Par t  I, Operational Fie ld  Catchments, 

In Ju ly  1972, a r e p o r t  was received on the  Tombstone catch- 

ment t h a t  the  sea lcoat  was "chipping off ."  Photographs taken of 

the catchment showed exposed f ibe rg lass  on t h e  tops of wrinkles, 

ind ica t ing  i n s u f f i c i e n t  c lay  emulsion was used during i n s t a l l a t i o n ,  

n September 1972, laboratory personnel a s s i s t e d  i n  applying a new 

sealcoat  of clay emulsion t o  the  catchment, It required 3 hours 

for  s i x  men t o  brush on a new layer  of a spha l t  c lay  emulsion a t  
2 

a r a t e  of 0,2 g a l  of emulsion per yd . 
he aspha l t - f ibe rg lass  catchment a t  the  Plaui t e s t  

exce l l en t  condit ion when inspected i n  February and December 1972, 

The opera t ional  catchment on Kukaiau Ranch was considered i n  excel-  

l e n t  condit ion when inspected i n  February 1972, Inspection of the  

catchment i n  December 1972 revealed grass  had s t a r t e d  t o  grow 

through the  membrane along the  edges a s  a r e s u l t  of inadequate 

s o i l  s t e r i l i z a t i o n ,  The grass  had been t r e a t e d  p r i o r  t o  the  

December v i s i t  and appeared dead but should be removed and the  

edges of the  covering repai red .  

The o the r  opera t ional  catchments of a spha l t - f ibe rg lass  were 

not v i s i t e d  the  pas t  year .  It is  assumed, i n  the absence of 

repor ts ,  t h a t  the  catchments a r e  performing s a t i s f a c t o r i l y ,  

Laboratory Studies.  

Limited s tud ies  were conducted t o  determine the  weathering 

proper t ies  of various p ro tec t ive  coatings on aspha l t - f ibe rg lass  
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using the  small s o i l  t r ays  a t  the Granite Reef Testing S i t e .  

Samples of runoff were col lec ted  from each treatment during each 

r a i n f a l l  event and the  degree of water d i sco lo ra t ion  was measured 

wi th  the  Hach calorimeter. Previous.work has shown t h a t  the 

degree of d i sco lo ra t ion  of runoff water from asphalt-coated 

surfaces  can be co r re la t ed  t o  the  quant i ty  of runoff and the  

time between r a i n f a l l  events .  This permits a q u a n t i t a t i v e  evalu- 

a t i o n  of the  e f fec t iveness  of various coat ings  t o  protec t  asphal t -  

coated su r f  aces. 

Ten coating treatments were applied t o  t r a y s  which had been 

t r e a t e d  wi th  a spha l t - f ibe rg lass  i n  Ju ly  1971, Table 1 l i s t s  t h e  

treatments and a summary of t h e i r  performance. 

Trays Nos, 2, 3, and 10 t r ea ted  wi th  United Paint,  Chevron 

D, T., and highway paint ,  respect ive ly ,  a r e  considered t o  have 

the bes t  weathering performance. This was determined by v i s u a l  

observation and v e r i f i e d  by the water d i sco lo ra t ion  measurements. 

The Enjay two-part butyl  was found t o  have a very shor t  pot l i f e  

fo r  appl ica t ion .  The yellow highway pain t  i s  "chipping o f f "  the  

f ibe rg lass .  It is  expected the water d i sco lo ra t ion  w i l l  s t a r t  

t o  increase .  The poor bonding i s  believed a r e s u l t  of dust  on 

the  asphal t  a t  time of appl ica t ion ,  The s t u d i e s  w i l l  be con- 

t inued t o  observe the  performance of the  coatings wi th  time. 

Additional s t u d i e s  a r e  planned t o  develop coatings f o r  

a spha l t - f ibe rg lass  which a r e  capable of supporting depths of 

water t o  30 f t ,  A l l  coat ings checked t o  da te  develop pinholes 

which cause small amounts of water t o  be l o s t .  The ac tua l  

quant i ty  of water l o s t  through these holes has not  been 

determined, 

Par t  III , Evaporation covers. 

The t e s t  panel of supported aspha l t - f ibe rg lass  f o r  reducing 

evaporation from open water s torage  a t  Granite  Reef was damaged 

by wind before any e f fec t iveness  t e s t s  could be conducted. The 
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fiberglass was not physically tied to the framework or wire and 

lown off before the asphalt had completely hardened. 

The Safford District Office of the Bureau of Land 

constructed six water harvesting catchments of asphalt-fiberglass 

in the past year. Two of these structures have asphalt-fiberglass- 

lined reservoJrs with supported panels of asphalt-fiberglass for 

reducing evaporation. These two operational units will be used 

o evaluate this idea of evaporation reduction. 

CONCLUSIONS : 

Observations and reports on the operational field catchments 

of asphalt-fi indicate the units are performing satis- 

factorily, The Tombstone catchment was given a new sealcoat after 

inspection of the unit indicated insufficient asphalt had been 

applied in the original sealcoat. Grass was found growing through 

the edges of the Kukaiau catchment showing the necessity for 

adequate soil sterilization at the time of catchment installation 

and periodic maintenance, 
2 

ted studies at the Granite Reef est site on 1-m trays 

covered with asphalt-fiberglass indicated the discoloration of 

runoff water can be reduced over 90% with low cost protective 

coatings, Pour coatings were rated good after 6 months to 1 year 

asurements of the water discoloration and observa- 

tions will be continued to determine the long-term effectiveness 

of these coatings, 

and Lloyd E, 

December 1973 
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Table 1. Performance of protec t ive  coatings on asphal t - f iberglass  a t  the Granite Reef 
2 

Test S i t e  on I - m  t r ays .  ' 

Tray Treatment Treatment Visual - Reduction i n  
No , Treatment Date Rate Appearance Discolorat ion 

CI 

Enjay 2-part butyl  

United paint  
Chevron D. T. 
Enjay 2-part butyl  
Gaco hypolon 

Basecoat alone 
Gaco K4230 aluminum 

Chevron D,T. No. 100 

Chevron D.T. No. 440 

Base coat alone 
Highway paint  yellow 

Gaco K4210R black 

27 Oct 71 

27 Oct 71 
27 Oct 71 
5 Nov 71 

10 Apr 72 

16 J u l  71 
10 Apr 72 

10 Apr 72 

10 Apr 72 

16 J u l  71 
Jun 72 

10 Apr 72 

(kg /mL) 

.325 

-325 
.325 
.400 
.400 

- 
,400 

.400 

.400 

- 
.400 

.400 

Pinholes i n  
coating 

Good 
Good 
Fa i r  pinholes 
Fiberglass showing 

on 80% of area  - 
Asphalt bleeding on 

5% of a r e a  
Asphalt bleeding on 

3% of area  
Failed - coating 

did  not  bond 
" 

Brit t le-chipping 
o f f  5% of a rea  

Good 

(% of base- 
coat  alone) 

- 

I/ Observations on 15 Jan  72 - 
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TITLE : COLUMN STUDIES OF THE CHEMICAL, PHYSICAL, A 

BIOLOGICAL PROCESSES OF WASTEWATER RENOVATION 

BY PERCOLATION THROUGH THE SOIL 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO. :  Ark.-WCL 68-3 

A T  1 CHEMICAL AND BIOLOGICAL PROCESSES DURING KENOVATION 

INTRODUCTION: 

Experiments on the  renovat ion of secondary sewage e f f l u e n t  

w i th  s o i l  columns were conducted during 1972 t o  develop management 

p r a c t i c e s  which would i nc rease  n i t rogen  removal above the  30% l e v e l  

obtained under s imulated f i e l d  cond i t i ons .  The t h r e e  approaches 

t r i e d  were: 

(1) Co l l ec t i on  of water  conta in ing  the  high n i t r a t e  peak, 

mixing i t  w i t h  sewage water  a t  t h e  r a t e  of 2  p a r t s  sewage 

t o  1 p a r t  h i g h - n i t r a t e  water  and cyc l ing  i t  through the  

columns a  second rime. 

(2)  Operating t h e  column a t  d i f f e r e n t  n i t rogen  loading r a t e s  

by varying f l uxes  through the  columns, t h e  l eng th  of t h e  

f looding  per iod,  and the  concen t r a t i on  of n i t rogen  i n  t he  

sewage water ,  

( 3 )  Growing p l a n t s  i n  columns f looded wi th  sewage water .  

PROCEDURE : 

The 8 PVC pipes  were packed wi th  s o i l  taken from the  Flushing 

Meadows recharge bas in s  i n  t he  same manner a s  descr ibed  i n  previous 

r e p o r t s .  H i g h - n i t r a t e  water  from columns wi th  f l u x e s  of 25 cmlday 

o r  g r e a t e r  was mixed w i t h  t he  sewage water  and recyc led  through the  

columns. A t  l e a s t  one column w i t h  an average f l u x  g r e a t e r  than 

25 cm/day was maintained a s  a  c o n t r o l .  The columns w i t h  f l uxes  

l e s s  than 25 cm/day were no t  used f o r  r ecyc l ing  because pre l iminary  

d a t a  i nd i ca t ed  t h a t  t h e i r  n i t rogen  removal r a t e  was a l r eady  h igh ,  

These columns were monitored t o  e s t a b l i s h  the  n i t rogen  removal r a t e  

a t  low f luxes .  A l l  of the  columns were operated w i th  schedules  of 

9 days f looding ,  followed by 5  days dry,  and were sampled d a i l y .  
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Water w i t h  n i t r a t e  c o n c e n t r a t i o n s  between 20 and 100 ppm were 

c o l l e c t e d  from t h e  columns w i t h  f l u x e s  g r e a t e r  than 25 cm/day d u r -  

ing t h e  second and t h i r d  day of f l o o d i n g  o r  t h e  t h i r d  and f o u r t h  

day depending upon the  f l u x .  The h i g h - n i t r a t e  w a t e r  was r e f r i g -  

e r a t e d  a t  3 C u n t i l  i t  cou ld  be r e c y c l e d  t h r o u g h  t h e  columns. Each 

day, beg inn ing  w i t h  t h e  day fo l lowing  t h e  c o l l e c t i o n  of t h e  l a s t  

h i g h - n i t r a t e  w a t e r ,  t h i s  w a t e r  was mixed w i t h  sewage w a t e r  a t  t h e  

r a t e  of 2 p a r t s  sewage t o  1 p a r t  h i g h - n i t r a t e  w a t e r  and recharged  

through the  columns, us ing  a  jug w i t h  a  m a r i o t t e  s i p h o n  t o  m a i n t a i n  

a  c o n s t a n t  head a s  d e s c r i b e d  i n  e a r l i e r  r e p o r t s ,  The w a t e r  was 

sampled a t  t h e  beg inn ing  and a t  t h e  end of t h e  day t o  moni to r  t h e  

change i n  t h e  n i t r a t e  c o n c e n t r a t i o n  w h i l e  t h e  w a t e r  was h e l d  i n  

t h e  jugs .  When h i g h - n i t r a t e  w a t e r  was mixed w i t h  sewage a t  t h i s  

r a t i o ,  a l l  of t h e  w a t e r  cou ld  be  r e c y c l e d  d u r i n g  a  9-day f l o o d i n g  

pe r iod  and f u l l  s t r e n g t h  sewage cou ld  be i n f i l t r a t e d  d u r i n g  t h e  

E i n a l  8-24 hours .  

A f t e r  p r e l i m i n a r y  t e s t s  showed t h a t  r e d u c t i o n s  i n  t h e  n i t r o g e n  

load a p p l i e d  d u r i n g  n f l o o d i n g  c y c l e  i n c r e a s e d  t h e  N removal, t h e  

sewage i lppl icd  Lo f i v c  co lunu~s  was d i l u t e d  by mixing i t  w i t h  an 

e q u a l  volume of d i s t i l l e d  w a t e r .  T h i s  reduced t h e  n i t r o g e n  load 

b u t  ma in ta ined  t h e  same C:N r a t i o  i n  t h e  sewage w a t e r ,  These 

columns were con t inued  on a  s c h e d u l e  of 9 days  f l o o d i n g  fol lowed 

by 5 days d r y .  The n i t r o g e n  load a p p l i e d  p e r  c y c l e  was reduced 

f o r  t h r e e  o t h e r  columns by reduc ing  t h e  l e n g t h  of t h e  f l o o d i n g  

p e r i o d  from 9  t o  6 days .  

Nine o t h e r  columns were c o n s t r u c t e d  and enc losed  i n  a  s p e c i a l  

s h e l t e r  t o  t e s t  t h e  e f f e c t  of p l a n t  growth on n i t r o g e n  removal.  

P o l y v i n y l  c h l o r i d e  p i p e s ,  6 inches  i n  d i a m e t e r ,  were packed w i t h  

m a t e r i a l  taken from t h e  r e c h a r g e  b a s i n s  a t  F l u s h i n g  Meadows, The 

columns were e n c l o s e d  i n  an i n s u l a t e d  s h e l t e r  w i t h  t h e  t o p  of t h e  

p ipes  p r o t r u d i n g  through t h e  r o o f .  The p i p e s  were packed w i t h  

s o i l  t o  t h e  l e v e l  of t h e  r o o f .  The s o i l  s u r f a c e  was t h e r e f o r e  
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exposed t o  t h e  a tmosphere ,  and s i x  of t h e  columns were p l a n t e d  t o  

i ~ i t r ~ c  l h;rr l v y  on T)c~cstwhcr 5 ,  1972. 7 ' h t x  C'OI LU~~IIIS WPSC r l iwdcd wit  h 

sclwage w a t e r  on an i r r i g a t i o n  s c h e d u l e  of 2 i n c h e s  of wa te r  per  

week u n t i l  t h e  b a r l e y  was abou t  15 cm h i g h .  A s c h e d u l e  of 9 days  

f looded and 5  days  d r y  was t h e n  used .  The sewage w a t e r  f o r  the  

columns was h e l d  i n  a  t a n k  i n s i d e  t h e  s h e l t e r  where t h e  t empera tu re  

was main ta ined  a t  70-75 F. A c o n s t a n t  head was main ta ined  by a  

f l o n t  which a c t i v a t e d  a  pump by means of a  s o l e n o i d  s w i t c h .  The  

t h r e e  t r e a t m e n t s  imposed on t h e s e  columns were:  (1 )  a  b a r e  s o i l  

s u r f a c e ,  ( 2 )  a  v e g e t a t i v e  cover  w i t h  t h e  f o r a g e  h a r v e s t e d  and 

removed, and ( 3 )  n v e g e t a t i v e  cover  w i t h  t h e  f o r a g e  h a r v e s t e d  and 

dtbpositcd on t h e  s o i l  s u r f a c e .  

WSULTS AND DISCUSSION 

The e f f e c t  of f l u x  on N removal.  Ni t rogen  removal by t h e  s o i l  

columns was g r e a t l y  i n c r e a s e d  by reduc ing  t h e  f l u x  of w a t e r  through 

the  columns ( F i g u r e  1). The r e l a t i o n s h i p  between t h e  f l u x  and t h e  

p e r c e n t  n i t r o g e n  removal appeared t o  be e x p o n e n t i a l .  The n i t r o g e n  

removal i n c r e a s e d  from abou t  10% t o  about  30% a s  t h e  f l u x  d e c r e a s e d  

front 50 cmlday t o  30 cm/day. However, t h e  n i t r o g e n  removal i n c r e a s e d  

from 30% t o  80% when t h e  f l u x  d e c r e a s e d  from 3 0  cm/day t o  15 cm/day, 

The n i t r a t e  c o n c e n t r a t i o n  of t h e  w a t e r  c o l l e c t e d  from columns w i t h  

8 low f l u x  (around 15 c d d a y )  was c o n s i s t e n t l y  around 5 ppm w i t h  

l i t t l e  ev idencc  of a  n i t r a t e  peak ( F i g u r e  2 ) .  The c o n c e n t r a t i a n  of 

t h e  n i t r a t e  peak i n c r e a s e d  a s  t h e  f l u x  i n c r e a s e d  and t h e  p e r c e n t  

n i t rogen  removal d e c r e a s e d .  

The r e l a t  l onsh ip  be tween the  n i t r o g e n  load a p p l i e d  p e r  f l o o d i n g  

c y c l e  and p e r c e n t  n i t r o g e n  removal was s i m i l a r  t o  t h e  r e l a t i o n s h i p  

between f l u x  and p e r c e n t  n i t r o g e n  removal ( F i g u r e  3 ) .  S i n c e  f l u x  

and n i t r o g e n  load  were v e r y  c l o s e l y  r e l a t e d ,  t h e r e  was some doubt 

about  t h e  r e l a t i v e  importance  of each  f a c t o r .  F o r  t h i s  r eason  t h e  

n i t r o g e n  load  r a t e  was reduced i n  s e v e r a l  columns w i t h o u t  changing 

t h e  f l u x  t o  e v a l u a t e  t h e  e f f e c t  of t h e s e  v a r i a b l e s  s e p a r a t e l y .  
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When t h e  N load  was reduced by d i l u t i n g  t h e  sewage by t h e  a d d i t i o n  

of d i s t i l l e d  w a t e r ,  t h e  p e r c e n t  N removal was abou t  t h e  same a s  i t  

was w i t h  f u l l  s t r e n g t h  sewage n f t c r  a  few t r a n s i t i o n  c y c l k s  ( F i g u r e  

4 ) .  I n  o t h e r  words, t h e  r e l a t i o n s h i p  between t h e  p e r c e n t  N removal 

and f l u x  remained about  t h e  same, b u t  t h e  r e l a t i o n s h i p  between N 

load and p e r c e n t  removal d i d  n o t  h o l d .  When the  N l o a d  was reduced 

by reduc ing  t h e  l e n g t h  of t h e  f l o o d i n g  p e r i o d  from 9 days  t o  6 days ,  

t h e  r e l a t i o n s h i p  between f l u x  and p e r c e n t  N removal a g a i n  remained 

t h e  same ( F i g u r e  4 ) .  F i n a l l y ,  t h e  r e l a t i o n s h i p  between N removal 

and f l u x  d i d  n o t  change when t h e  N l o a d  was d r a s t i c a l l y  reduced 

by f l o o d i n g  w i t h  h a l f - s t r e n g t h  sewage w a t e r  f o r  6 d a y s .  S i n c e  t h e  

p e r c e n t  N removal d i d  n o t  change when t h e  N l o a d  was reduced,  t h e  

t o t a l  n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  rec la imed  w a t e r  d e c r e a s e d .  F o r  

example, t h e  a v e r a g e  n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  w a t e r  c o l l e c t e d  

from one column dropped from 6 . 8  ppm t o  3 .8  ppm when t h e  sewage was 

d i l u t e d  w i t h  a n  e q u a l  volume of d i s t i l l e d  w a t e r .  

The i n c r e a s e  i n  p e r c e n t  n i t r o g e n  removal w i t h  a  d e c r e a s e  i n  

f l u x  must. be due> t o  a  change i n  the  f low c h a r a c t e r i s t i c s  of t h e  

sys tem.  The n i t r a t e  formed i n  t h e  s o i l  d u r i n g  t h e  d ry  pe r iod  i s  

leached from t h e  s o i l  i n  a  narrow c o n c e n t r a t e d  "band" when t h e  f l u x  

is  h i g h .  A d e c r e a s e  i n  t h e  f l u x  a p p a r e n t l y  causes  t h e  n i t r a t e  t o  

be leached from the  s o i l  i n  a  more d i f f u s e  wave, which a l lows  t h e  

n i t r a t e  t o  n i x  .r ich t h e  advancing w e t t i n g  f r o n t  of sewage w a t e r .  

The mixing of sewage w a t e r  w i t h  n i t r a t e  p r o v i d e s  a  C:NO - 3 
which i s  more f a v o r a b l e  € o r  d e n i t r i f i c a t i o n  than Lhe r a t i o  o b t a i n e d  

when n i t r a t e  is leached i n  a  c o n c e n t r a t e d  band. The i n c r e a s e  i n  

d e t e n t i o n  t ime w i t h i n  the  columns w i t h  the  d e c r e a s e  i n  f l u x  may 

a l s o  i n c r e a s e  the  o p p o r t u n i t y  f o r  d e n i t r i f i c a t i o n .  

Recycl ing h i g h - n i t r a t e  w a t e r .  The p e r c e n t  n i t r o g e n  removal 

was i n c r e a s e d  t o  75-80% by r e c y c l i n g  t h e  rec la imed  w a t e r  which 

c o n t a i n e d  t h e  h igh  n i t r a t e  peak and comprised 20-25% of t h e  t o t a l  

volume of w a t e r  from t h e  columns (Table  1 ) .  The h i g h - n i t r a t e  w a t e r  
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was ef  f c c t i v e l y  mixed even ly  w i t h  t h e  i n c o ~ i ~ i n g  sewage w a t e r  when 

two p a r t s  of sewage were mixed wiLh 1 p a r t  h i g h - n i t r a t e  w a t e r .  

i l  iglitbr r a t  10s o f  ncwage Lo h igh-11 l t r n t c  waLer would no t  have a l l  owed 

complete r e c y c l i n g  of the  h i g h - n i t r a t e  w a t e r .  Lower r a t i o s  were 

n u t  t r i e d  because  complete  d e n i t r i f i c a t i o n  was n o t  o b t a i n e d  w i t h  

t h e  2 : l  r a t i o .  

The p e r c e n t  n i t r o g e n  removal d u r i n g  t h e  r e c y c l i n g  exper iments  

was a l s o  a f f e c t e d  by the  f l u x .  The g r e a t e s t  i n c r e a s e  i n  n i t r o g e n  

removal above t h a t  which would be expec ted  wi thouc r e c y c l i n g  occur red  

a t  a  f l u x  of 30-35 cm/day where t h e  p e r c e n t  N removal was i n c r e a s e  

from abou t  30% t o  75% (Table  1 ) .  About 80% N removal was o b t a i n e d  

when columns w i t h  a  f l u x  of abou t  25 cm/day were inc luded  i n  t h e  

r e c y c l i n g  exper iment .  However, 40-50% removal would b e  expec ted  a t  

t h i s  f l u x  w i t h o u t  r e c y c l i n g .  Only 40% N removal was o b t a i n e d  when 

h i g h - n i t r a t e  w a t e r  from columns w i t h  a  f l u x  n e a r  50 cm/day was re- 

c y c l e d .  T h i s  low p e r c e n t  n i t r o g e n  removal was p a r t l y  due t o  a  

NM -N concenLra t ion  of abou t  7 ppm i n  t h e  w a t e r  from t h e  columns 
4 

w i t h  a 50 cm/doy f l u x  a s  compared t o  a  NW -N c o n c e n t r a t i o n  of 4 
< 1 ppm i n  w a t e r  from columns w i t h  a  f l u x  below 4 0  cm/day. The 

amount of oxygen e n t e r i n g  t h e  s o i l  d u r i n g  t h e  d r y  p e r i o d  was n o t  

s u f f i c i e n t  t o  o x i d i z e  a l l  of t h e  NH -N adsorbed by t h e  s o i l  d u r i n g  4 
9 days of f l o o d i n g  when t h e  f l u x  was around 5 0  crn/day. Another r e a -  

son f o r  t h e  d e c r e a s e  i n  p e r c e n t  N removal a s  t h e  f l u x  i n c r e a s e d  is  

t h a t  l i t t l e  n i t r a t e  was d e n i t r i f i e d  duri.ng t h e  f i r s t  passage  of t h e  

n i t r a t e  peak through t h e  columns w i t h  a  h i g h  f l u x .  T h i s  means 

t h a t  t h e  n i t r a t e  c o n c e n t r a t i o n  of t h e  r e c y c l e d  w a t e r  was f a i r l y  h i g h  

even a f t e r  d i l u t i o n  t o  o n e - t h i r d  s t r e n g t h  w i t h  sewage w a t e r .  P a r  

example, t h e  n i t r a t e  c o n c e n t r a t i o n  of t h e  w a t e r  r e c y c l e d  through 

column 2  (49 cm/day f l u x )  was 24 ppm a s  compared t o  18 p 

w a t e r  f o r  colunir~s 3 and 4 (33 cm/day f l w r )  a s  shown i n  T a b l e  2 ,  

The C:NO -N r a t i o  of 0 . 5  t o  1 i n  t h e  w a t e r  from column 2 was t o o  
3  

low f o r  complete  d e n i t r i f i c a t i o n .  
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About 13 ppm NO -N was removed from t h e  water  recyc led  through 3 
columns 3 and 4 while  t h e  NO -N concenf ra t lon  of t he  water  e n t e r i n g  

3  
columns 7  and 8 was only 10-11 ppm (Table 2 ) .  Yet a l l  of t h e  n i t r a t e  

was no t  d e n i t r i f i e d  i n  columns 7  and 8.  It may be t h a t  more carbon 

was a v a i l a b l e  i n  columns 3 and 4 from organic  sediments than was 

a v a i l a b l e  i n  columns 7  and 8. The h igher  f l u x  i n  columns 3  and 4 

would have r e s u l t e d  i n  t he  depos i t  of more organic  m a t e r i a l  on t he  

s u r f a c e .  Another f a c t o r  may bc t h a t  some n i t rogen  is  always unava 

ab l e  f o r  d e n i t r i f i c a t i o n  a s  microorganisms u t i l i z e  and r e l e a s e  

n i t rogen  when microbia l  c e l l s  mul t ip ly ,  d i e ,  and decompose. 

The r ecyc l ing  method could be used wi th  a  t i l e d  land f i l t r a t i o n  

system t o  remove 75% of t he  n i t rogen  from 60 meters of sewage per  

u n i t  of land a r e a  (Table 3). The same percent  removal could be 

obtained by a d j u s t i n g  the  f l u x  s o  t h a t  45 meters  of water  I s  ap  

per  u n i t  a r e a .  

The e f f e c t  of p l a n t  growth on N-removal. Since t he  columns 

were put i n t o  ope ra t i on  near  t he  end of 1972, d a t a  were not  a v a i l a b l e  

f o r  t h i s  r e p o r t .  

The e f f e c t  of f l u x  on phosphate removal, The PO -P concentra-  4 
t i o n  i n  t h e  reclaimed water  decreased a s  the  f l u x  decreased (F igure  

5) .  There was a  f a i r  amount of s c a t t e r  i n  t h e  daea which r ep re sen t s  

one 9-day f looding  cyc l e  f o r  5 columns and two 6-day f looding  cyc l e s  

f o r  3 o the r  columns. The e f f e c t  of f l u x  on PO -P removal i s  being 
4 

i nves t i ga t ed  f u r t h e r .  

PART 11. REDOX POTENTIAL MEASUREMENTS 

INTRODUCTION : 

I n  t he  1969-1971 Annual Reports t he  methods and r e s u l t s  0.f 

redox p o t e n t i a l ,  Ept, measurements have been d iscussed .  A manu- 

s c r i p t  has been prepared on these  p a s t  r e s u l t s  a s  w e l l  a s  t he  

r e s u l t s  from the  r ecyc l ing  experiments (Whisler e t  a l . ,  1 ) .  Some 

of t he  r e s u l t s  of t he  r ecyc l ing  experiment w i l l  be d i scussed  h e r e i n ,  
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PROCEDURE: 

The s o i l  columns werc f i tPcd  w i t h  rcdox probes a t  2, 20, and 

40 cni d e p t h s .  The column outf low w a t e r  from the  f i r s t  two days of 

i n f i l t r a t i o n  was mixed i n  a  1:2 mix ture  w i t h  sewage wate r  and r e -  

cyc led  through t h e  columns. The l a s t  day o r  s o  of i n f i l t r a t i o n  was 

run w i t h  sewage w a t e r  on ly .  The o b s e r v a t i o n s  d i s c u s s e d  i n  P a r t  I 

and t h e  E measurements werc made. 
P t  

RESULTS : 

F i g u r e  6 shows t h e  E measurements v e r s u s  t ime a t  2 cm i n  a  
P t  

s o i l  column t r e a t e d  w i t h  r e c y c l e d  sewage w a t e r .  The symbols I, R,  

E ,  and D on the  t ime s c a l e  a r e  t h e  days on which i n f i l t r a t i o n ,  

r ecyc led  wate r ,  e f f l u e n t  only ,  and d r a i n a g e  were s t a r t e d ,  r espec-  

t i v e l y .  The t ime s c a l e  s t a r t s  on t h e  day t h e  probes  were i n s t a l l e d  

i n  t h e  s o i l  columns. One can observe t h e  r a p i d  d r o p  i n  E a t  t h e  
P t  

s t a r t  of an i n f i l t r a t i o n  and then a  r i s e  t o  200-300 mv when t h e  

r e c y c l e d  mix ture  was used.  Th is  l e v e l  of E i s  where n i t r a t e s  a r e  
P t  

u n s t a b l e ,  and t h u s  i n d i c a t e s  t h a t  d e n i t r i f i c a t i o n  may be t a k i n g  

p l a c e  (Whis ler  e t  a l . , '  1 ) .  Th i s  o b s e r v a t i o n ,  a long  w i t h  t h e  o b s e r -  

v a t i o n s  d i s c u s s e d  i n  P a r t  I, shows t h a t  i n  f a c t  d e n i t r i f i c a t i o n  d i  

t a k e  p l a c e .  The deeper  probes  d i d  n o t  respond i n  t h i s  same manner 

b u t  behaved a s  though s t r a i g h t  sewage w a t e r  was being used,  a s  has  

hc*c*r~ r c p o r t c d  i l l  o t h e r  annun l r e p o r t s  ; t h e r c f  ore, t.he zone of d c n i -  

Lr i f  i c a t l o n  was l i m i t e d  t o  t h e  Lop 20 cm o r  l e s s  of t h e  s o i l  column. 

The s h a r p  d rop  i n  E when o r d i n a r y  w a t e r  was added a t  t h e  end of 
P t  

an i n f i l t r a t i o n  i n d i c a t e s  how q u i c k l y  t h e  probes respond and how 

q u i c k l y  t h c  environment f o r  d e n i t r i f i c a t i o n  can  be changed. 

SUMMARY AND CONCLUSIONS: 

S o i l  columns f i l l e d  w i t h  m a t e r i a l  from t h e  F l u s h i n g  Meadows 

recharge  b a s i n s  were o p e r a t e d  under v a r i o u s  management systems 

d u r i n g  1972. The f l u x  was v a r i e d  by packing t h e  columns t o  a c h i e v e  

d i f f e r e n t  pore  volumes. The n i t r o g e n  load  a p p l i e d  p e r  c y c l e  was 

v a r i e d  wi thou t  changing t h e  f l u x  o r  t h e  C:N r a t i o  of t h e  sewage 
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b y  d i l u t i n g  t h e  sewage w i t h  an e q u a l  volume of d i s t i l l e d  w a t e r  and 

b y  rcduc ing  t h e  l e n g t h  of t h e  f l o o d i n g  p e r i o d .  The h i g h - n i t r a t e  

wa te r  was c o l l e c t e d  from s e v e r a l  columns, mixed w i t h  sewage w a t e r  

i n  a r a t i o  of 2 p a r t s  sewage t o  1 p a r t  h i g h - n i t r a t e  wa te r ,  and 

r e c y c l e d  through t h e  columns. Other  columns were c o n s t r u c t e d  s o  

t h a t  t h e  t o p  of t h e  columns p ro t ruded  through t h e  roof of an  

i n s u l a t e d  s h e l t e r  and p l a n t s  cou ld  be  grown, A l l  of t h e  columns 

were equipped w i t h  redox e l e c t r o d e s  a t  v a r i o u s  d e p t h s .  

The p e r c e n t  n i t r o g e n  removal by t h e  s o i l  columns i n c r e a s e d  

e x p o n e n t i a l l y  a s  t h e  f l u x  decreased .  Th is  r e l a t i o n s h i p  h e l d  when 

t h e  n i t r o g e n  load  was reduced by d i l u t i n g  t h e  sewage o r  by reduc ing  

the  l e n g t h  of t h e  f l o o d i n g  p e r i o d .  A s  much a s  80% of t h e  n i t r o g e n  

was removed from t h e  sewage when t h e  f l u x  was reduced t o  15 crn/day. 

The i n c r e a s e  i n  n i t r o g e n  removal was probably  due t o  a  change i n  

t h e  f low c h a r a c t e r i s t i c s  of t h e  sys tem a s  t h e  f l u x  decreased ,  

n i t r a t e  peak moved through t h e  s o i l  i n  a  d i f f u s e  band r a t h e r  t h a n  a 

s h a r p  peak, r e s u l t i n g  i n  some mixing of t h e  n i t r a t e  w i t h  incoming 

sewage wate r .  The C:NO -N r a t i o  was t h e n  f a v o r a b l e  f o r  d e n i t r i f i -  
3 

c a t  i o n .  

Ni t rogen  removal was i n c r e a s e d  t o  75-80% by c o l l e c t i n g  t h e  

h i g h - n i t r a t e  w a t e r  from t h e  columns, mixing i t  w i t h  sewage, and 

r e c y c l i n g  i t  th rough  t h e  s o i l .  T h i s  k ind  of management could  be 

used w i t h  a  t i l e d  l and  f i l t r a t i o n  sys tem,  The r e c y c l i n g  method 

could be used t o  remove 75% of t h e  n i t r o g e n  from 60 m of sewage 

i ~ p p l i c d  p e r  u n i t  of land a r e a  i n  one y e a r .  The same p e r c e n t  removal 

could  be o b t a i n e d  by a d j u s t i n g  t h e  f l u x  s o  t h a t  45  m of w a t e r  i s  

a p p l i e d  p e r  u n i t  a r e a .  Phosphate removal a l s o  appeared t o  i n c r e a s e  

when t h e  f l u x  d e c r e a s e d .  

The redox p o t e n t i a l s  (E ) n e a r  t h e  s u r f a c e  dropped r a p i d l y  
P t  

when t h e  s o i l  was f looded ,  r o s e  t o  200-300 mv when t h e  h i g h - n i t r a t e  

wa te r  was r e c y c l e d ,  and dropped r a p i d l y  a g a i n  when f u l l  s t r e n g t h  

sewage was used.  The deeper  probes  (20 cm and below) behaved i n  
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t h e  same manner a s  they  d i d  when o n l y  f u l l  s t r e n g t h  sewage was 

used.  T h i s  i n d i c a t e s  t h a t  a  zone of d e n i t r i f  i c a t i o n  was e s t a b l i s h e d  

i n  t h e  top  20 cm o r  l e s s  of t h e  s o i l  columns. The r a p i d  r i s e  and 

d rop  i n  E  when h i g h - n i t r a t e  w a t e r  was added and removed showed 
P t  

t h a t  t h e  s o i l  environment  changed r a p i d l y  and t h e  probes  r e a c t e d  

r a p i d l y .  

Exper iments  on t h e  e f f e c t  of p l a n t  growth on n u t r i e n t  removal 

were begun i n  1972, b u t  d a t a  a r e  n o t  y e t  a v a i l a b l e .  
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Table 1. The n i t r o g e n  removal by columns where high n i t r a t e  water  was recyc led .  

C O ~ U ~ ~ S  3 - 4 CO~UITLRS 7 - 8 CO~UIIEI 8 C O ~ U ~  2 
% N f l u x  % N f l u x  % N f l u x  % N f l u x  

Cycle removal cm/day removal crn/day removal cmlday removal cm/ day 

% of water 
recyc led  

* 
% removal e x p e c t ~ d  according t o  graph of f l u x  v s .  % removal (F igure  2 ) .  
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T a b l e  2. The c o n c e n t r a t i o n  of NO and NO2 and o r g a n i c  C i n  t h e  h i g h - n i t r a t e  sewage m i x t u r e  
3  

r e c y c l e d  through t h e  columns. 

Cycle  No. 
Columns 3  - 4* Columns 7 - 8* Column 8 Column 2  

NO3+ NO2 Org. C NO3+ NO2 Org . C NO3+ NO2 Org . C NO f NO2 Org . C 
3  

Avg NO3 concen. 

remaining i n  w a t e r  5 .0  

- -  - 

3; 
High w a t e r  fkom two columns mixed and r e c y c l e d  through b o t h  columns. 

3 
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T a b l e  3 .  The p e r c e n t  N removal and volume of r ec la imed  w a t e r  

o b t a i n a b l e  w i t h  d i f f e r e n t  management sys tems .  

Treatment  F l u x  
(cm/day) 

% Removal Capac i ty  
(m/yr) 

Recycle  

Recycle 

Low load  r a t e  

Low load r a t e  

High load r a t e  

* 
Represen t s  t h e  n e t  volume of r ec la imed  w a t e r .  
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s o i l  columns on e 
rom one column over 2-5 , 
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u r c  2 ,  The nitha conten t  of w a  
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F i g u r e  4 . '  The e f f e c t  of f l u  of s@w 
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Figure 6 .  Redox p o t e n t i a l s  a t  2-cm depth i n  a 
s o i l  column i n t e r m i t t e n t l y  flooded 
w i t h  sewage water  and recycled column 
e f f l u e n t .  The I, R, E, and D symbols 
i n d i c a t e  times when i n f i l t r a t i o n ,  
recyc l ing ,  e f f l u e n t  only,  and dra inage  
were s t a r t e d ,  r e spec t ive ly .  
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TITLE : CHARACTERIZATION OF THE SOIL MICROFXORA AHD 

BIOLOGICAL PROCESSES OCCURRING IN SOIL USED 

FOR WASTE WATER RENOVATION. 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.: Ariz.-WCL-70-2 

INTRODUCTION: 

Field research at the Flushing Meadows Project was initiated 

to determine the nature and mechanism by which biological processes 

affect the performance and management of soil basins used for 

reclamation of secondary sewage effluent by means of ground water 

recharge. The nitrogen in conventionally treated sewage effluent 

is mostly in the ammonium form. To reclaim the water for recrea- 

tional and agricultural use, the nitrogen levels must be decreased. 

The biological process of nitrification and of denitrification is 

the primary mechanism of nitrogen removal in a soil system. The 

ammonium must first be nitrified to nitrate by aerobic autotrophic 

nitrifying bacteria. Then heterotrophic denitrifying bacteria 

under conditions of low oxygen supply may reduce the nitrogen to 

gaseous forms that escape to the atmosphere. 

The objectives of the present work were 1.) to characterize 

the microbial environment in the surface soil of the basin in rela- 

tion to the flooding and drying cycles; 2.) to determine the rates 

of microbial activity, particularly as they affect nitrogen trans- 

formation, in relation to environmental conditions induced by flood- 

ing and drying cycles; and 3.) to locate specific zones of such 

microbial activity in the soil profile, thus providing information 

for engineering and management of soil basins for maximum nitrogen 

removal from waste water. 

PROCEDURES : 

Basin No. 1 at Flushing Meadows was instrumented in late 

October 1972. All instrumentation will be maintained and data 

collected for a one year period, This will insure that seasonal 

effects on the biological efficiency of the soil system, relative 

to nitrogen removal, are evaluated. 
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Redox probes (platinum blocked) were bu r i ed  i n  t h e  s o i l  a t  

5 l e v e l s :  2, 15, 30, 60 and 90 cm with 3 probes a t  each l e v e l .  A 

s i n g l e  re ference  e l ec t rode  was f i t t e d  i n t o  an anchored f l o a t  s i t t i n g  

on the s o i l  s u r f a c e  i n  such a  way t h a t  t he  c i r c u i t  was completed. 

during both f loods  and dry  per iods .  A mul t ipo in t  c lock mechanism, 

a  pH meter, and a  s i n g l e  pen recorder  permit ted scanning a l l  15 

e l ec t rodes  once each hour. Pe r iod ica l ly ,  a d d i t i o n a l  redox probes 

were used t o  measure redox p o t e n t i a l s  i n  t he  e f f l u e n t  water and a t  

the  su r f ace  of t h e  s o i l  during t h e  f lood .  Also, during these  

periods an 02-probe was i n s t a l l e d  and d isso lved  oxygen l e v e l s  of t h e  

e f f l u e n t  was measured cont inuously f o r  t h e  e n t i r e  f looding  period.  

Dupl ica te  thermocouples were bur ied  a t  t h e  same depths a s  the  

redox probes and i n  a d d i t i o n  were placed above the  s o i l  su r f ace  t o  

measure both water and a i r  temperature.  !J%ermocouples were scanned 

once each hour and temperatures recorded. 

Gas sampling probes were i n s t a l l e d  t o  provide d u p l i c a t e  gas 

samples from each of t he  15, 30, 60 and 90 cm s o i l  depths.  The gas 

probes were s t a i n l e s s  s t e e l  tubing of 0.6 mm I D  t o  which an 18 Ga. 

hypodermic needle  was s i l v e r  so ldered .  A rubber  serum cap was 

placed over the  needle  t o  permit g a s - t i g h t  sampling us ing  a  d i s -  

posable p l a s t i c  hypodermic syr inge .  

S o i l  samples were taken p e r i o d i c a l l y  during dry periods with a 

King tube. Ten cores  each from 0-15 cm and 15-30 cm and 5 cores  

each from 30-60 and 60-90 cm depths were c o l l e c t e d .  The co res  were 

pooled t o  provide a  s i n g l e  sample of each depth ,  The following 

ana lyses  were c a r r i e d  out  on the  s o i l  samples: s o i l  moisture 

contents ,  pH, inorganic  forms of n i t rogen ,  numbers of b a c t e r i a - a n d  

fungi ,  and numbers of n i t r i f y i n g  organisms, I n  a d d i t i o n  s o i l  r e s p i r -  

a t i o n  r a t e s  and r a t e s  of n i t r i f i c a t i o n  were determined. 

RESULTS AND DISCUSSION: 

The r e s u l t s  obtained thus f a r  a r e  r e p r e s e n t a t i v e  of win ter  

condi t ions  only.  S imi la r  da t a  w i l l  b e  c o l l e c t e d  f o r  the  summer 

months before  t he  d a t a  w i l l  be  analyzed completely.  However, t h e  
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prel iminary r e s u l t s  from the  winter  da t a  j u s t i f y  the  following 

t e n t a t i v e  conclusions:  

1. Algae i n  the  water and t h e i r  growth on the  s o i l  su r f ace  

during f looding  cyc le s  introduce s u f f i c i e n t  oxygen i n t o  the  water t o  

e f f e c t  the  redox p o t e n t i a l s  of the  su r f ace  s o i l .  Diurna l  cyc les  of 

d i sso lved  oxygen ranging from 4 t o  20 ppm have been measured i n  t he  

e f f l u e n t .  

2. Redox p o t e n t i a l s  i n  the  s o i l  p r o f i l e  d e c l i n e  r a t h e r  slowly 

during f looding,  poss ib ly  the  r e s u l t  of unsa tura ted  flow, trapped 

a i r  and no demand f o r  0  2' 
3 .  Af te r  the  f lood most of the  energy i n  the system r e s i d e s  

a t  the  su r f ace  and i s  used up very r a p i d l y  dur ing  t h e  dry  period.  

There i s  v i r t u a l l y  no demand of O2 a t  lower depths by the  end of t he  

dry period.  

4.  Winter condi t ions  of high suspended s o l i d s  i n  the  e f f l u e n t ,  

s h o r t  days and low temperatures cause slow recovery of redox and 

probably i n h i b i t  n i t r i f i c a t i o n  a t  the  beginning of t he  dry period.  

This might exp la in  the  annual r i s e  i n  ammonium occurr ing  from 

February t o  Apr i l .  

5. Gas samples of s o i l  atmosphere show t h a t  s l i g h t  amounts of 

n i t r o u s  oxide a r e  produced during the  dry  period,  i n d i c a t i n g  t h a t  

d e n i t r i f i c a t i o n  i s  occurr ing  i n  anaerobic mic ros i t e s  throughout t h e  

s o i l  p r o f i l e .  

6 .  Numbers of n i t r i f i e r s ,  Nitrosomonus and Ni t robac ter ,  a r e  not  

l i m i t i n g  n i t r i f i c a t i o n  processes  i n  t he  s o i l  bas ins .  When environ- 

mental condi t ions  favor  n i t r i f i c a t i o n  (dry per iod)  t he  r a t e s  of 

n i t r i f i c a t i o n  a r e  very r ap id  and complete conversion of ammonium t o  

n i t r a t e  occurs  i n  a  few days. I n  labora tory  incubat ion  s t u d i e s  a t  

28' c and 30' c the  conversion occurred wi th in  24 t o  36 hours .  

7 .  Nitrogen removal i n  t hese  high r a t e  i n f i l t r a t i o n  systems 

w i l l  be d i f f i c u l t  because redox p o t e n t i a l s  a r e  high and energy l e v e l s  

a r e  very low when n i t r a t e  i s  passing i n t o  lower zones a t  beginning 

of f lood.  I n  su r f ace  zones where redox p o t e n t i a l s  a r e  dropping a t  
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the beginning of the flood, nitrate is being rapidly removed by the 

infiltration of the effluent. Thus, conditions for dcnitrification 

and maximum nitrogen removal do not occur in any zone of the soil 

profile (0-90 cm) during the flooding period, 

PERSONNEL: R. G. Gilbert and J. B. Miller 

COOPERATION: J. B. Robinson, visiting scientist, University of 

Guelph, Guelph, Ontario, Canada 

CURRENT TERMINATION DATE: 1975 
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TITLE : DESIGN AND PERFORMANCE OF TRICKLE IRRIGATION SYSTEMS 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO,: Ark,-WCL 70-3 

INTRODUCTION: 

The need and objectives for this study are given in the 1970 

Annual Report. A method for improving uniformity of water appli- 

cation by varying diameters of a stainless-steel emitter for row- 

crop usage was developed in 1971. This year the concept of varying 

emitter sizes was expanded to include a multiple-diameter and -length 

microtube system for orchard-crop usage. 

SUMMARY AM) CONCLUSIONS : 

Application uniformity from low-pressure trickle irrigation 

systems can be greatly improved by varying emitter sizes to compen- 

sate for friction-induced pressure changes in the lateral pipe. 

Procedures for design and construction of a multiple-diameter and 

-length microtube system for orchard--crop usage were developed. 

Microtubes or spaghetti tubes are short lengths of plastk tubes 

cut from inexpensive, rsml4.-diameter polyethylene tubing, Mean 

discharge deviations for these simple microtube emitters operated 

at a constant pressure were from 1.8% to 2,5%, Theoretical perform- 

ance of a 650-ft lateral, with three emitters per tree and 25 ft 

between trees, using combinations of two diameters and seven lengths 

of rnicrotubes, showed a mean deviation of 2.9% and a m a x i m  deviation 

of t 5,0% from design discharge, The multiple-diameter and -length 
microtube system should not be expensive or difficult to produce. 

PUBLICATIONS : 

1, Myers, Lloyd E., and Bucks, D. A. Uniform irrigation with low- 
pressure trickle systems, Jour, Irrig, and Drain. Div,, Amer. 
Soc, Civil Engin, Proc. 98(IR 3):341-346, September 1972. 

2, Bucks, Dale A,, and Myers, Lloyd E. Trickle irrigation -- appli- 
cation uniformity from simple emitters, Trans., Amer. Soc. 
Agric. Engin, (Submitted for publication). 

PERSONNEL : Dale A. Bucks and Lloyd E. Myers, 
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TITLE : RELATIVE CHANGES I N  TRANSPIRATION AND PHOTO- 

SYNTHESIS INDUCED BY SOIL WATER DEPLETION 

I N  A CONSTANT ENVIRONMENT 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.: Ark.-WCL 71-1  

INTRODUCTION: 

The o b j e c t i v e  of t h i s  r e sea rch  i s  t o  improve t h e  water-use 

e f f i c i e n c y  (WUE) of crops and thereby conserve a g r i c u l t u r a l  water  

s u p p l i e s .  The technique w i l l  be t o  survey a wide range of p l an t  

s p e c i e s  by s u b j e c t i n g  them t o  a shor t - te rm drought ,  seeking those  

spec i e s  w i th  t h e  lowest t r a n s p i r a t i o n  r a t i o  (TR) a s  judged from 

simultaneous measurements of t r a n s p i r a t i o n  and photosynthes i s  i n  

a con t ro l l ed  environment chamber. 

PROCEDURE : 

The r e sea rch  w i l l  be c a r r i e d  out  i n  a c o n t r o l l e d  environment 

room i n  which a l a r g e  p l a n t  chamber (122 cm x 61 cm x 61 cm) has 

been b u i l t ,  t o  s u b s t i t u t e  f o r  t he  s i n g l e - l e a f ,  smal l  chamber 

descr ibed i n  the 1971 nnnunl r e p o r t .  The top, bottom, and two 

s i d e s  of t he  chamber a r e  made of 0.1-mm-thick polyvinyl  c h l o r i d e .  

The door c o n s t i t u t i n g  a t h i r d  s i d e  is made of 6.4-mm l u c i t e ,  and 

the remaining s i d e  is  made of wood t o  accommodate a squ i r r e l - cage  

blower and hea t  exchanger c o i l s  t o  provide r ap id  c i r c u l a t i o n  of 

cool  a i r  through the  chamber. 

CONTROLLED ENVIRONMENTAL FACTORS: 

A i r  Temperature. The c o n t r o l l e d  environment room conta in ing  

t h e  p l an t  chamber can maintain a i r  temperature t o  + 0.2  C over a - 
wide range of temperatures .  I n  the  da rk  t he  p l a n t  chamber is i n  

equ i l i b r ium wi th  room temperature.  I n  t h e  l i g h t ,  however, absorp- 

t i o n  of r a d i a n t  energy would overheat  t he  chamber. Therefore ,  a 

hea t  exchanger suppl ied  wi th  c h i l l e d  water  is i n s t a l l e d  behind t h e  

blower t o  r e c i r c u l a t e  c h i l l e d  a i r  i n  t h e  chamber, This  method has 

been found adequate t o  maintain t he  p l an t  chamber a t  t he  des i r ed  

l e v e l  of 30 C (room temperature)  when a s  many a s  f o r t y - e i g h t  
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400-watt lamps a r e  on 1.5-m d i r e c t l y  above t h e  chamber. 

i t  D e s p i t e  t h e  ex t remely  h i g h  l i g h t  t r a n s m i s s i o n  of poly-  

v i n y l  c h l o r i d e  p l a s t i c  f i l m ,  i t  was n o t  found n e c e s s a r y  t o  make use  

of a  w a t e r  b a r r i e r  between t h e  lamps and t h e  p l a n t  chamber t o  h e l p  

d i s s i p a t e  t h e  i n f r a r e d  r a y s .  

A bank of 48 lamps turned on i n  a  s o l i d  b lock  d i r e c t l y  above 
- 1 

t h e  p l a n t  chamber provided an  i r r a d i a n c e  of 1 . 7  l y  min ( i l l u m i n a n c e  
-1 

140 k i l o l u x )  a t  t h e  top  of t h e  chamber and 0 .80  l y  min (68 k i l o -  

l u x )  61  cm ( h a l f  way down) from the  t o p  of t h e  chamber, S ince  t h e  

s a t u r a t i o n  l i g h t  l e v e l  Eor s tornata l  opening is  abou t  65 k i l o l u x ,  

t h e  chamber i s  f u l l y  c a p a b l e  of a c h i e v i n g  l i g h t  l e v e l s  found i n  

t h e  f i e l d  i n  t h e  Southwest,  o r  even h i g h e r  l e v e l s .  There fore ,  

minimal l e a f  d i f f u s i o n  r e s i s t a n c e  ( R . )  v a l u e s  can be expected when 

a  p l a n t  i s  w e l l  wa te red .  A c a r d  programmer can be used t o  r a i s e  

t h e  l i g h t  l e v e l  g r a d u a l l y  t o  s i m u l a t e  a  s u n r i s e  and t h e r e f o r e  n o t  

t o  shock t h e  p l a n t .  

A i r  Plow, A i r  c i r c u l a t i o n  w i t h i n  t h e  p l a n t  chambek is s u f f i -  

c i e n t  t o  m a i n t a i n  a  low boundary l a y e r  r e s i s t a n c e  (R ), a s  documented 
A 

l a t e r .  I n  f r o n t  of t h e  i n l e t  from t h e  a i r  h a n d l e r  ( s q u i r r e l - c a g e  

blower) ,  l o c a t e d  i n  t h e  wooden w a l l  a t  t h e  upper  p a r t  of t h e  chamber, 

t h e  v e l o c i t y  i s  s u f f i c i e n t  t o  cause  v i s i b l e  l e a f  f l u t t e r  b u t  n o t  

b u f f e t i n g .  The c i r c u l a t i n g  a i r  l e a v e s  t h e  chamber through a  p o r t  

n e a r  t h e  bottom of t h e  chamber. 

I n  a d d i t i o n  t o  t h e  mixing of t h e  a i r  t h e r e  is  a  mass f low 

through t h e  chamber, t h e  a i r  e n t e r i n g  through a  10-cm c i r c u l a r  

p i p e  ex tend ing  from t h e  wooden box i n t o  t h e  bottom c e n t e r  p a r t  of 

t h e  t r a n s p a r e n t  chamber, and l e a v i n g  from a n o t h e r  p i p e  of t h e  same 

d iamete r  o r i e n t e d  v e r t i c a l l y  i n  t h e  wooden box. The e x i t  p i p e  

removes a i r  which has p r e v i o u s l y  been i n  t h e  t r a n s p a r e n t  chamber 

and has c i r c u l a t e d  i n t o  t h e  a d j a c e n t  wooden box, S u c t i o n  f o r  t h e  

mass f low comes from a  blower a t t a c h e d  t o  t h e  o t h e r  end of t h e  

e x i t  p i p e .  The blower has  a  maximum c a p a c i t y  of 744 l /min,  

Annual Report of the U.S. Water Conservation Laboratory



a d j u s t a b l e  by a  g a t e  v a l v e  down t o  a  minimal f low of 1 .2  l /min,  

governed by t h e  s t a l l i n g  speed of t h e  r o t o r  i n  t h e  t u r b i n e  meter  

t~sccl L O  tucasurc t h e  f low.  A n  c l r ~ c t r i . c a 1  readout  of t h e  t u r b i n e  

meter  g i v e s  a  l i n e a r  c a l i b r a t i o n  curve  f o r  f requency  of t h e  r o t o r  

v e r s u s  t h e  v o l u m e t r i c  f low r a t e .  

Carbon Dioxide (GO2) Content  of t h e  A i r :  No d i r e c t  c o n t r o l  

of CO i s  a v a i l a b l e  f o r  t h e  pl.ant chamber. However, t h e  room con- 
2 

t a i n i n g  t h e  chamber can be main ta ined  t o  w i t h i n  1 0  ppm of t h e  

normal l e v e l  of 350 ppm CO by use  of g a s  masks by personne l  e n t e r -  2  
ing t h e  room. The a i r  t h a t  is  sucked i n t o  t h e  p l a n t  chamber is 

room a i r  moni tored f o r  t h e  a b s o l u t e  l e v e l  of CO by an i n f r a r e d  2  
gas  a n a l y z e r  (IRGA) c a l i b r a t e d  from 0-500 ppm C02. I n  a d d i t i o n ,  

a  d i f f e r e n t i a l  IRGA measures t h e  change i n  CO between i n l e t  and 
2  

o u t l e t  a i r  s t r eams  i n  t h e  p l a n t  chamber (from a subsample of a i r  

pumped t o  t h e  a n a l y z e r  by a  s m a l l  e l e c t r i c  diaphragm pump). The 

d i f f e r e n t i a l  IRGA has  a  range of 0-50 ppm C02, r e a d a b l e  t o  0.5 ppm. 

The d i f f e r e n c e  i n  C02 m u l t i p l i e d  by f low r a t e  th rough  t h e  chamber 

g i v e s  t h e  r a t e  of p h o t o s y n t h e s i s  by t h e  p l a n t ,  when t h e  s o i l  is  

s e a l e d  o f f  ( o r  r e s p i r a t i o n  i n  t h e  d a r k ) .  

Vapor P r e s s u r e .  I n  o r d e r  t o  g r e a t l y  i n c r e a s e  t h e  p r e c i s i o n  of 

measurement and t o  d e c r e a s e  maintenance t ime, a  dew p o i n t  hygrometer 

has  been s u b s t i t u t e d  f o r  t h e  micro-psychrometer d e s c r i b e d  i n  t h e  

p rev ious  r e p o r t .  Use of a  cam s w i t c h  w i t h  s o l e n o i d s  makes p o s s i b l e  

a l t e r n a t e  measurements of t h e  dew p o i n t  of i n l e t  and o u t l e t  a i r  

s t r eams  from t h e  p l a n t  chamber, recorded e v e r y  3 minutes  on a  s t r i p  

c h a r t .  C a l c u l a t i o n  of t r a n s p i r a t i o n  c o n s i s t s  of convers ion  of t h e  

dew p o i n t  d i f f e r e n c e  t o  vapor  p r e s s u r e  and t h e n  t o  w a t e r  vapor  

c o n c e n t r a t i o n  and m u l t i p l y i n g  t h i s  v a l u e  by t h e  f low r a t e ,  

VARIABLE FACTORS: 

S o i l  Water P o t e n t i a l  ( q  ) .  When t h e  s t a n d a r d  s o i l  is  i r r i g a t e d  
T 

t o  t h e  "pot c a p a c i t y "  v a l u e  of 0.39 by volume w i t h  h a l f - s t r e n g t h  

Noagland n u t r i e n t  s o l u t i o n  
? $T 

i s  -0.58 b a r ,  c o n s i s t i n g  of a  s o i l  
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matric. p o t e n t i a l  (11 ) of -0.02 ba r  and a  s o i l  osmotic p o t e n t i a l  ( q  ) M 7r 

of -0,515 b a r .  During continued t r a n s p i r a t i o n  the  decrease  i n  $ 
M 

i s  measured wi th  a  minimal-displacement t ransducer  tensiometer  and 

the  decrease  i n  $ w i t h  an in-place s a l t  sensor ,  provided t h a t  t he  
7r 

s e n s i t i v i t y  of the  l a t t e r  instrument  i s  adequate .  Summation of the  

two va lues  g ives  q, an important parameter because i t  r e g u l a t e s  r ) 
the  decrease  i n  l ea f  water  p o t e n t i a l  when coupled wi th  the  evapora- 

t i v e  demand. Eventual ly ,  111 w i l l  be measured by means of s o i l  
T 

psychrometers t h a t  w i l l  g ive  an i n t e g r a t e d  reading of 41 i n  one 
T 

measurement. 

Leaf Water P o t e n t i a l  ($ l e a f )  ' 
I n d i r e c t  measurements of i j i  

l e a f  
a r e  made by fol lowing the  drought-induced decrease  i n  l e a f  th ick-  

ness with a  @-ray  gauge and then by c a l i b r a t i n g  the  l ea f  th ickness  

l e a f  ' The q l e a f  
va lues  a r e  measured wi th  a  thermocouple 

psychrometer Erom readings of a  small  l e a f  d i s c  taken from a l e a f  

wi th  a  known l ea f  th ickness  and r e l a t i v e  water  con ten t .  

RESULTS AND DISCUSSION: 

Bound- (R*). A s imulated co t ton  p l a n t  was manufactured 

of green b l o t t i n g  paper supported by wire  and a  l u c i t e  rod.  The 

p l an t  had 10 leaves w i th  the  shape and o r i e n t a t i o n  of those on a  

l i v i n g  p l a n t .  Each l e a f  was instrumented wi th  a  0.1-mm diameter  

copper-constantan thermocouple f o r  monitoring the temperature of 

the evaporat ing s u r f a c e  of t h e  wet ted leaves  during a  de te rmina t ion  

of RA. It was assumed t h a t  the  water  vapor p re s su re  of a  thoroughly 

wetted l ea f  corresponded t o  the s a t u r a t i o n  va lue  f o r  i t s  measured 

temperature.  By main ta in ing  the  ambient water  vapor pressure  at 

a prescr ibed  va lue  i n  t h e  p l a n t  chamber, a  g iven  g r a d i e n t  was 

e s t a b l i s h e d  t o  govern evapora t ion  from the  b l o t t e r  paper,  a s  i n  

the  numerator of t h e  fo l lowing  equat ion:  
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i n  which Ad i s  the  d i f f e r e n c e  i n  water vapor concent ra t ion  between 
v  3  

b l o t t e r  l e a f  and a i r ,  i n  g/cm , and E is the  evaporat ion r a t e ,  i n  
2 

g/cm /set, ca l cu la t ed  from the a i r  flow r a t e  through the chamber 

mu l t ip l i ed  by the d i f f e r e n c e  i n  vapor pressure  (converted t o  vapor 

concent ra t ion)  between the i n l e t  and o u t l e t  a i r  s t reams of t h e  

p l an t  chamber. 

Seven t e s t s  under c a r e f u l l y  con t ro l l ed  condi t ions  gave the 

following r e s u l t s  f o r  R ' i n  low i l l umina t ion ,  0.79 and 0.52 
A ' 

sec/cm; i n  high i l l umina t ion  (68 k i lo lux ) ,  0.39, 0.48, 0.74, 0,69, 

and 0.76 sec/cm, f o r  an average va lue  of 0-62 sec/cm. This value 

i s  considered s u f f i c i e n t l y  low t h a t  i t  w i l l  not  mask the e f f e c t  of 

I$, i n  determining the t r a n s p i r a t i o n  r a t e .  Therefore,  s t o  

c losure  and i t s  consequent r a i s i n g  of % can be c l o s e l y  c o r r e l a t e d  

wi th  a decrease i n  t r a n s p i r a t i o n  a s  drought progresses ,  

T ransp i r a t ion  Rates of D i f f e r e n t  P lan t  Species .  

Well-watered p l a n t s  

(1) Under a  range of i l luminance. In  sunflower both t r a n s p i -  

r a t i o n  r a t e  and % responded t o  a  g r e a t  range i n  i l luminance a s  

might be expected (Table 1 ) .  I n  t he  dark, % was h igh  (27.9 seclcm), 

but f e l l  t o  the low va lue  of 2.4 sec/cm under high i l l u m i n a n c ~ ,  a s  

stomates presumably opened wide. Although a d d i t i o n a l  i l l umina t ion ,  

68 k i l o l u x  (brought about by 48 lamps in s t ead  of 24) d id  lower 

somewhat, n e i t h e r  % value  i n  the l i g h t  was a s  low a s  the  1.1 
% 

sec/cm va lue  achieved during a  previous t e s t  (22 November, Table 2 ) .  

This  sugges ts  t h a t  50 k i l o l u x  (measured a t  t he  of the  

chamber) was s a t u r a t i n g  f o r  stomata1 opening i n  sunflower.  

Although t r a n s p i r a t i o n  was 24% g r e a t e r  a t  an i l luminance of 

68 k i l o l u x  than a t  50 k i l o l u x  (Table 1 ) )  t he  inc rease  i s  not  much 

d i f f e r e n t  from the 20% v a r i a t i o n  i n  t r a n s p i r a t i o n  of well-watered 

p l an t s  from one experiment t o  the o the r .  For example (Table 2 ) ,  

under the same condi t ions  sunflower t r ansp i r ed  a t  the  r a t e  of 2  
2 2  

g/m / h r  on 22 November a s  compared t o  187 g/m / h r  on 5  December. 
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Therefore ,  i t  may be concluded t h a t  the  t r a n s p i r a t i o n  d a t a  i n  

Table 1 a r e  reasonably c o n s i s t e n t  wi th  t h e  \ values  i n  i n d i c a t i n g  

t h a t  sunflower t r a n s p i r a t i o n  is  maximal a t  an i l luminance of 50 

k i l o l u x .  Some of t he  v a r i a t i o n  i n  t r a n s p i r a t i o n  r a t e s  may poss ib ly  

be explained by d i f f e r e n c e s  i n  se l f - shading  due t o  d i f f e r e n t  p l a n t  

s i z e ;  another  p o s s i b i l i t y ,  considered l e s s  l i k e l y ,  i s  an e r r o r  

i n  measuring l e a f  a r ea .  

(2) A t  a  given h igh  i l luminance.  T ransp i r a t i on  on a l ea f - a r ea  

b a s i s  was s i m i l a r  f o r  corn, sorghum, and tomato, but much h igher  

f o r  sunflower under comparable condi t ions  (Table 2 ) .  % values  

were c o n s i s t e n t  w i th  the  t r a n s p i r a t i o n  r a t e s ,  being a b o u t , 5  sec/cm 
2 

f o r  the  t h r e e  spec i e s  t h a t  t r a n s p i r e d  a t  about 100 g/m f h r ,  and a s  

low a s  1 t o  2 sec/cm f o r  sunflower dur ing  t r a n s p i r a t i o n  r a t e s  about 

double those of t h e  o t h e r  s p e c i e s .  

These r e s u l t s  confirm d a t a  obtajned a t  t h i s  Laboratory 5 yea r s  

ago when t r a n s p i r a t i o n  was measured by weight l o s s  (Ehr l e r  and 

Van Bavel, 1 ) .  I n  t h e  previous experiments sunflower t r ansp i r ed  

a t  more than 3 times t he  r a t e  of lemon, co t ton ,  and bean a t  a very  

low l e v e l  of i l luminance (0-7 k i l o l u x )  and a t  twice t h e  r a t e  of 

co t ton  and bean under an i l luminance of 50-60 k i l o l w .  It i s  pos- 

s i b l e  t h a t  sunf lower ' s  higher-than-normal r a t e s  of t r a n s p i r a t i o n  

a r e  due t o  a more permeable c u t i c l e  than t h a t  of t he  normal p l a n t ,  

r a t h e r  than t o  a d i f f e r e n t  s tomata l  opening. 

Droughted p l a n t s  

Both tomato and sunflower responded t o  drought by reduced 

t r a n s p i r a t i o n  and increased \ values  due t o  p a r t i a l  s tomata l  

c lo su re  (Table 3 ) .  It was necessary f o r  the s o i l  water  conten t  

t o  be reduced almost t o  t h e  w i l t i n g  po in t  before  % increased  

apprec iab ly  i n  sunflower (13.2 sec/cm). This  va lue  was a t t a i n e d  

a f t e r  t h r ee  days of continued t r a n s p i r a t i o n  from a p l a n t  i n  a 

7 . 6 - l i t e r  po t .  Tomato, on t he  o the r  hand, developed an \ of 20.9 

sec/cm under drought,  a va lue  approaching t h a t  c h a r a c t e r i s t i c  of 
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darkness  i n  many p l a n t s ,  and co inc id ing  wi th  a  t r a n s p i r a t i o n  r a t e  

only one- th i rd  t h a t  of a  well-watered p l a n t ,  

I n  sunflower (Table 3 )  t he re  is  a  d e f i n i t e  i n d i c a t i o n  of the 

kind of response t h a t  t h i s  r e sea rch  has a s  i t s  major ob j ec t ive ,  

v i z . ,  a  g r e a t e r  water-use e f f i c i e n c y ,  i n  t h i s  i n s t ance  induced by 

drought .  I n  both t e s t s ,  November and December, a  drought caused 

a  g r e a t e r  depress ion  of t r a n s p i r a t i o n  than of photosynthesis ,  thus 

making the  water-use e f f i c i e n c y  h igher  ( o r  t h e  t r a n s p i r a t i o n  r a t i o  

lower).  

SUMMARY AND CONCLUSIONS: 

A p l a n t  chamber has been cons t ruc ted  which permits  p r ec i s e ,  

shor t - te rm measurements of the t r a n s p i r a t i o n  r a t i o  ( t h e  i nve r se  of 

water-use e f f i c i e n c y )  a s  a  p l a n t  is  sub jec t ed  t o  drought .  Pre l iminary  

t e s t s  have been succes s fu l ,  showing a  s u i t a b l y  low boundary l a y e r  

r e s i s t a n c e ,  the  achievement of s a t u r a t i o n  i l luminance,  a t  l e a s t  

wi th  sunflower,  t he  a b i l i t y  t o  measure p r e c i s e l y  both t r a n s p i r a t i o n  

and photosynthes i s ,  and t o  c a l c u l a t e  l e a f  d i f f u s i o n  r e s i s t a n c e  

va lues .  Species  d i f f e r e n c e s  a l r eady  a r e  becoming apparent ,  s i n c e  
-- -" 

sunflower has been found t o  t r a n s p i r e  a t  about twice t h e  Kate of 

corn, sorghum, and tomato. 

It is concluded t h a t  t he  equipment is  s u i t a b l e  f o r  f u r t h e r  

i n v e s t i g a t i o n  i n t o  t h e  drought responses of p l a n t s ,  w i t h  s p e c i a l  

a t t e n t i o n  t o  be paid t o  c h a r a c t e r i z i n g  the  decrease  i n  s o i l  and 

p l a n t  water  p o t e n t i a l .  
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Table 1. Transpiration (E) and leaf diffusion resistance ( Pt 
of a well-watered sunflower plant as affected by 

illuminance* in the chamber. 

Date Illuminance (kilolux) E (g/m2/hr) fL (seclcm) 

6 Dec 72 

5 Dec 72 

5 Dec 72 

* 
As measured half-way down from the top of the chamber. 
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2  2  
Table  2. T r a n s p i r a t i o n  (E, g/m / h r ) ,  photosynthes i s  (P, mg/dm / h r ) ,  

and l e a f  d i f f u s i o n  r e s i s t a n c e  (5, seclcm) of f o u r  p l an t  

s p e c i e s  w i t h  f r e e l y  a v a i l a b l e  s o i l  water ,  a s  measured i n  

a  p l a n t  chamber a t  an ambient vapor p re s su re  of 15 mb, 

an a i r  temperature  of 30 C, and an i l luminance of 50 

k i l o l u x .  

Species  Date E R~ 

Corn 

Corn 

Sorghum 

Tomato 

Sunflower 

Sunflower 

-- 

26 J u l  72 94.5 5 .4  

24 Nov 72 112 5.6 

2  Aug 72 84.2 6.0 

6  Oct 72 102 5.4 

22 Nov 72 2 24 1.1 

5  Dec 72 187 2.4 
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Table 3, Effect of drought on transpiration, photosynthesis, an 

leaf diffusion resistance of tomato and sunflower 

as measured in the plant chamber, 

Species 
Soil 

Date condition E 

Tomaco 

Tomato 

6 Oct 72 wet 102 5 - 4  - 
6 oct 72 d r y  33.7 20.9 - 

SunE lower 22 Nov 72 wet 2 24 

Sunf lower 21 Nov 72 dry 167 

Sunflower 5 Dec 72 wet 18 7 2.4 17.3 

Sunflower 8 Dec 72 dry 63.2 2 3 , 2  9 .  

* 
Units the same as those in Table 1; environmental conditions were: 

air temperature, 30 C; vapor pressure, 15 mb; illuminance, 50 

kilolux. 
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OF IRRIGATION WATER ON TNE Y 

COTTON 

CRIS WORK UNIT: SWC-0 CODE: MI), : A r l  

See Annual Report,  

OBJECTIVES : 

1, To eva lua t e  t h e  e f f e c t s  of va r  i on  regimes on 

reco~mnended v a r i e t i e s  of  high-popu a t i o n  co t ton ,  

2 ,  To d e t e d n e  t h e  e f f e c t  of an e a r  y cut--off of  

water on the  y i e l  a t i o n  co t ton ,  

PROCEDUm : 

e experiment was loca t ed  on F i e  

zona Cotton Research Center,  Phoenix 

been i n  c o t t o n  i n  1969, ba r l ey  i n  t h e  win ter  

summer of l970:, ba r l ey  aga in  i n  t h  

and c o t t o n  i n  1971, The f i e l d  was plowed on 

and 30 tons / ac re  of  manure a 

The f i e l d  was furrowed o u t  i n t o  40-inch f u r  

i r r i g a t i o n  was given on 6 

A weed'contro1 mixture  of  T re f l an  and Ku 

i n t o  t h e  furrows wi th  a "Li i s t s n "  on 24 Harch, 

o - th i rds  of  t he  furrows were shaped l n t o  bed 

winder" and bed-shaper f o r  t h e  high p l a n t  popu 

n bed, as per  e remaining one- 

were l e f t  t o  a c c o m d a t  

p l a n t s  /acre ,  

n a t i o n  i r r i g a t i o n  given on 30 &rch, 

included 4 beds o f  Pima S 

random-planted t o  t h e  two v a r i e t i e s ,  

repeated t h r e e  t imes i n  each repX 
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i r r i g a t i o n  treatments. 

P lants  were thinned t o  t h e i r  respect ive  

10 Nay, A t  t he  same t i m e ,  y 

i n  each respec t ive  p l o t  and a few se lec ted  tagg 

marked o f f ,  The y ie ld  areas  contained e the r  2 rows or  2 beds each 

20 f t  long while tagging areas  were 6 f t  long, a l  

e r  of p lan t s  wi th in  these  areas,  a s  per 

ing  va r iab les  consisted of 6 spacing8 of 20,O 

per ac re  i n  s i n g l e  40-inch rows, and 40,000, 60,000, 

100,000 p lan t s  per a c r e  i n  40-inch beds, 2 rows t 

measurement p l o t s  were t h e  inner two rows, o r  beds, of 4-so 

4-bed, p lo t s ,  I n  a few p o t s ,  s tands were and buffer  raws 

were subs t i tu ted  t o  obta in  t h e  designated 

and p lan t s  a t  t h e  end of each p l o t  were t h  

s p e c i f i c  popu at%on treatment, 

Timing of Arrigations was based on ssi 

with v i sua l  p lant  symptoms on the  medium an 

IU3SUI;TS AND DISCUSSION: 

I n  near ly  a l l  p lo t s ,  a good stand was obtained and 

developed qu i t e  rapFd y, a s  mean temperatures remained above no 

from plant ing da te ,  

Because of t h e  r a  i d  p lan t  developmen 

L O  days e a r l i e r  than usual ;  hence, tagging 

continued through 16 September, A few days s f  

were l o s t  due t o  insec t i c ide  regula t ions  b a r r l n  

Again, a s  i n  1971, most l o s t  nformation occ 

flower production was a t  a minimum, 

On the  medium and wet treatments, i r  

ossoming when the  so 

desired,  For t h e  wet treatment, t h e  average 

i n  t h e  top 3 f t  of s o i l  bgfore i r r i g a t i o n  wa 

treatment, deple t ion was 83%, 
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The w e t  treatment was given 8 i r r i g a t  

4, The dry t r e a  ent  received i t s  f n a l  i r r i g a t i o n  on 

i s  treatment was then designated a s  an e a r l y  cut-off 

a t l s n  t o  replace  t h e  o r i g i n a l  plan of dividing t 

halves. By not  d iv iding t h e  f i e l d  i n  two, r e p l i c a t i o n s  were 

increased from 4 "i 8 t o  compensate fo r  

Insec t  control  was excel lent  throughout the  season, houg 

s e c t i c i d e  appl ica t ions  were given, t h e r e  was na bui  of 

insec t  population, 

Table 2 shows the  mean p l o t  weights sf 1-16 seed cot ton 

each weight represents  t h e  mean of 8 p l o t s ,  Both irr  

and population di f ferences  were l a r g e  enough t o  be s t a t i s  

s i g n i f i c a n t  a t  the  1% l e v e l ,  

e r  than t h e  wet and niedium, 

40,000 had no y i e l d  benef i t s  and even indicated reduc 

creasing t h e  population from 20,000 t 

c i a l ,  but planting 40,000 pZ 

ion enough t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  fo r  the  w e t  and me 

i r r i g a t i o n  treatments. The increase  averaged nine  percent ,  

was a. trend of reduced production f r o  

no s i g n i f i c a n t  d i f ferences ,  This pr  

treatments were d r i e r  than was p l a  

w e t a n d  medium i r r i g a t i o n  treatme 

The number of b o l l s  increas  

1 decreased (Table 

t o  cause yieZd reduct  

r t h e  dry treatment, 

a t i o n  changes, but  we  

s, For t h e  m&ium tr 

great a s  t h e  wet reatment but 

t o  cause ehe decregsed productioa trend,  

s were planted i n  beds an 

ed fo r  t h e  20 
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b o l l s ;  however, bed p antings resul ted  i n  re b o l l s  for  the  

and medium irr iga"cons.  

The percentage of cot ton t h a t  can be c 

a s  g rea te r  t h i s  year than i n  most p r io r  yea 

nearly 40% of the  wetter treatment y ie ld  was 

d was grown from b l o s s m s  opening a f t e r  

year when an August cut-out was less pronoun 

seemed t o  continue t o  produce, Less l a t e  pr  

the  dry treatment; however, i t s  l a s t  i r r i g a t i o n  was given on 25 

thus reducing t h e  p l a n t ' s  a b i l i t y  t o  continue produci g, There was 

ear-cut ind ica t ion  t h a t  densi ty  of a t i o n  'had any e f f e c t  on 

hastening production, 

For P i m  S-4, dif ferences  i n  y i e  

regimes were not  l a r g e  enough t o  be s t  

population di f ferences  were, Producti 

populations, p r inc ipa l ly  when beds wer 

were the  r e s u l t  of increased number of  

decrease i n  b o l l  s i z e s  (Table 5), The 

dry treatment a r e  not  included i n  the 

v a r i a b i l i t y ;  however, Table 5 shows th 

of b o l l s  and weight per b o l l  f o r  t h e  dry treatment, 

When late-season production i s  c 

obvious t h a t  about 30% of t h e  cocton 

production, d t h  a l e s s e r  percentage 

er treatments. Late  season f o r  P i  

a f t e r  15 August, 

was not  proce 

shows t h e  y i e l d  f o r  3 populations 

Xrrigations were statistics 

Zations were not ,  

populations (Table 81, but  

t i o n  poss ib l l i tZesB The f i  
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and undoubtedly decreased the  chances f o r  late-season 

og on the  wetter t r e a  

ea r ly  f r o s t ,  over 25% of the  production was 

a f t e r  15 August, thus l a t e  s e t o  It seems 

percentage of l a t e  s e t  was changed by vary 

e 10 shows t h e  e f f e c t  of an e a r l y  

t i o n  water on y ie ld ,  number and weight of 

o t  was given i t s  l a s t  i r r i g a t i o n  I 

were continued i n  a n o m l  way on the  u 

Though drying up the  lower h a l f  made y i e  

because of r es idua l  moisture, it i s  obv 

y ie lds  were reduced between 40% and 50 

The y ie ld  reduction was the  r e s u l t  of 

reduced b o l l  w e  e number of b o l l s  was reduced by an average 

of 40%, 

S AND CONCWSIONS: 

I n  1972, Dp1-16 and P i m  S-4 were produced w i  

and s i x  population va r iab les  i n  an 8-rep 

were increased by increasing populations up t o  60, 

population from 20,000 t o  40,000 i n  a 40-inch row 

y i e l d ,  A d e f i n i t e  reduction i n  y i e l d  resu l t ed  f o r  

a l l  populations, and a s l i g h t l y  reduced trend was observed f o r  the  

medium treatment over the  wet. The number of bo h 

increased moisture and increased populat on, but  weight per box 

decreased with d r i e r  moisture regimes and 

y 40% of t h e  w e t  treatment y ie ld  cou 

s e t ,  i f  l a t e  season i s  considered a f t e r  

For Pima S-4 i n  1972, y i e l d  d i f ferences  between wet and 

treatments were sma 2,  but population d l f f e r e  

eo be s t a t i s t i c a l l y  s i g n i f i c a n t ,  Yie 

increased, r e s u l t i n g  i n  inbreased number of bo 

decrease i n  b o l l  s i z e s ,  Trends showed t h a t  r e  

production, number of b o l l s ,  and weight per bo 
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production was late-season production; i , e , ,  a f t e r  5 Augusto f o r  

the  Pima S-4 ,  

Studies on Pima S-4 i n  1971, on thr 

and th ree  popu~a t ions ,  showed reduced y i e  

no e f f e c t  due t o  varying populations, 

increased by increas ing the  population, 

ca l%y reduced, n u l l i f y i n g  any advantage 

f r o s t  could have been a f a c t o r ,  I r r i g a  

due t o  increased er of b o l l s  and bo 

cent  of  t h e  production came from blosso 

regardless  of t h e  e a r l y  f r o s t ,  When i r  

y i e l d s  were reduced from 40% t o  50%, 

w e r e  decreased about 40%- 

: Leonard J, Erie ,  Dale A. Bucks, an Orr in  F, French, 

INATION DATE: December 1973, 
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Table 1, Mean seed cotton weight in grams 
of Deltapine-1 for three isriga 
populations - 

Irrigation PopulatxLon 

20M - 40M - 40M -- 60M - 
row bed 

Wet 3024 2978 3387 3239 313 3090 3143 

Irrigat%on -- sig, 1% LSD 188 

Population .-- sig. 1% LSD 169 
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Tabfe 2 ,  Mean number of b o l l s  per  p l o t  and average we 
of Dp1716 - 1972, 

I r r i g a t i o n  

20M - 40M - 40M - 80M - LOOK - 
row bed 

Medium 6 80 67 8 7 86 795 7 59 
(4,211 ( 4 ,22 )  (3,981 (3,9 

Weight per  b o l l  i n  grams 
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T a b l e  3, Percentage of DpE-16 production e 
s e t  - 9972, 

2 0 M  - 4 0 M  - 4 0 M  - 80M 
row bed 

Wet 
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Table 4,  Mean seed co t ton  weight i n  grams, for e igh t  r e p  
of  Pima S-4 - 1972, 

- 

I r r i g a t i o n  Populat ion 

20M - 40M - 40M 
7 

60H - 80M 
r OW bed 

Med ium 2081 

" 1343 Dry - 1472 1411 552 

I r r i g a t i o n  -- NS 

Populat ion -- s i g ,  1% LSD 176 

L/ Considerable  v a r i a b i l i t y  between p 
s t a t i s t i c a l  a n a l y s i s ,  
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T a b l e  5. Mean number of b o l l s  per  p l o t  an 
of PFma S-4 - 1972, 

Wet 

Dry 544 
(2,47 

L1 Weight per bo 
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Xe 6, P e r c e n t a g e  of P i m  S-4 p roduc t  
Beason set - 

XrrSgation Population 

20M 
P 

4OM - 4 0 M  
row 

M e d i u m  
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trable 7 ,  Nean seed cotton weight in grams, for four re 
of Pima S-4 1971, 

--* --- -- 
Irrigation Population 

Wet 

Medium 

- -,- 

Irrigation -- sig, 1% LSD 88,O 

Annual Report of the U.S. Water Conservation Laboratory



er of bolBs per plot an average weight 

Irrigation 

Wet 
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Table g 0  Percentage of B h  S-4 production from flowers opening 
after 15 August 1971, 

- 
Irrigation 

wet 

Medium 

Dry 
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e PO, Effect  of early i r r i g a  for  Pima S-4, 

- WET MEDIUM DRY 

COTTON SEED WEIGHT (grams) 

ast i r r i g a t i o n  on lower half  -- wet, J u l y  28; medi 
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TITLE : HEAT AND LIGHT TRANSFER I N  PONDS 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.:  Ariz.-WCL-71-3 

The i n t e n s i v e  measurement of a i r  and water temperatures and 

the s o l a r  and thermal r a d i a t i o n  f luxes  inc iden t  upon, within,  and 

leaving a  small  pond of t e r t i a r y  t r e a t e d  sewage water begun i n  May 

1971 was terminated i n  March of t h i s  year .  Much time was then 

spent  on the  a n a l y s i s  of these  da t a  and s e v e r a l  t echnica l  a r t i c l e s  

were prepared f o r  pub l i ca t ion .  Two of t hese  d e a l t  with t he  tempera- 

t u r e  s t r u c t u r e  of water bodies  and r e s u l t e d  i n  the  development of a  

new formulat ion f o r  t he  concept of thermal s t a b i l i t y  and the  v e r i -  

f i c a t i o n  of a  t u rbu len t  mechanism f o r  the  downward t r anspor t  of h e a t .  

The o t h e r  two d e a l t  with t he  absorp t ion  of s o l a r  r a d i a t i o n  i n  t h e  

water and the  r e s u l t a n t  impl ica t ions  f o r  a l g a l  photosynthesis .  A 

mathematical model of t h i s  r e l a t i o n s h i p  was developed t h a t  led  t o  

the establ ishment  of s eve ra l  gene ra l  c r i t e r i a  f o r  the  planning and 

opera t ion  of man-made systems of aqua-cul ture .  A more d e t a i l e d  

d e s c r i p t i o n  of each of these  sub jec t s  i s  given below. 

Idso, S. B . ,  and Fos ter ,  J. M. L ight  and photosynthesis  i n  

phytoplanktonic ecosystems. Ecology (Submitted f o r  pub l i ca t ion ) .  

To i l l umina te  the  many a spec t s  of the  l igh t - forced  photo- 

syn the t i c  behavior  of phytoplanktonic ecosystems, t he  photosynthe t ic  

c a p a c i t i e s  of such systems were considered under t he  assumption t h a t  

a l l .  o the r  environmental f a c t o r s  were cons tan t  o r  i nva r i ab l e .  An 

equat ion was then der ived  t h a t  p r e d i c t s  t he  r e l a t i v e  r a t e  of i n s t an -  

taneous i n t e g r a l  photosynthesis  f o r  such genera l ized  phytoplanktonic 

ecosystems i n  terms of ch lorophyl l  2 concent ra t ion ,  l i g h t  e x t i n c t i o n  

c o e f f i c i e n t  due t o  non-chlorophyllous suspended m a t e r i a l  ( t r i p t o n ) ,  

and the  r a t e  of i nc rease  i n  l i g h t  e x t i n c t i o n  c o e f f i c i e n t  due t o  u n i t  

i nc rease  i n  ch lorophyl l  2 concent ra t ion .  Experimental work was 

descr ibed t h a t  y ie lded  a determinat ion of the  va lue  of t h i s  l a t t e r  

parameter and allowed the  formation of a  family of curves dep ic t ing  

the i n t e r r e l a t i o n s  between the o the r  two f a c t o r s  and the  r e l a t i v e  
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photosynthetic rate. 

Experimental work was also described which yielded an in situ 

evaluation of the photosynthetic response of certain freshwater 

phytoplankton to light intensity. This information, along with 

similar information for two other characteristic types oE response, 

was used to develop several equations for predicting the actual 

rate of instantaneous integral photosynthesis as a function of sub- 

surface light intensity, chlorophyll 2 concentration, light 

extinction coefficient, and the photosynthetic efficiency of the 

phytoplankton at optimum light intensity. These equations were 

then used to calculate the diurnal trends of instantaneous integral 

photosynthesis for several different latitudes and seasons and 

finally the day-rate integrals of photosynthesis as a function of 

time of year at several latitudes. 

The results of these investigations were lastly applied to the 

problem of intensive aqua-culture in man-made systems. Several 

general criteria were developed that may aid in both the planning 

and operation of such projects, 

Idso, S. B., and Gilbert, R. G. On the universality of the 

PooLe and Atkins Secchi disk-light extinction equatim. J. Appl. 

Ecol, (Submitted for publication). 

It was demonstrated that the Poole and Atkins equation rela- 

ting light extinction coefficient (K) to Secchi disk depth (ZSD) 
- 1 

v i a  the relation 1Z = 1.7 (Z ) may br used successfully over ;I 
SD 

range of Secchi disk depths extending from 0.09 m to 35 m. 

Zdso, S. B. On the concept of lake stability. Limnol. 

Oceanog. (Submitted for publication). 

A new equation was derived to represent the limnological 

concept of lake stability. It was shown to be more meaningful than 

thc previous mathematical formulation of this concept in that the 

classical formulation supplied no information on the variation of 
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s t a b i l i t y  with depth and could not  be combined d i r e c t l y  with the  

mathematical express ion  f o r  the  work of the  wind concept t o  y i e l d  a  

s i m i l a r  r e p r e s e n t a t i o n  of t he  t o t a l  work func t ion .  

Idso, S. B. ,  and Cole, G .  A. S tudies  on a  Kentucky Knobs Lake. 

V. Some aspec ts  of t he  v e r t i c a l  t r a n s p o r t  of h e a t  i n  the  hypo- 

lj-mnion. J. Ecol.  ( In  p r e s s ) .  

Analyses of two time s e r i e s  of temperature p r o f i l e s  obtained i n  

Tom Wallace Lake, Kentucky, re inforced  t h e  v a l i d i t y  of Hutchinson's 

( ~ c o l .  Monogr. 11 : 21-60) technique f d r  ob ta in ing  the  t r anspor t  of 

hea t  i n  t he  hypolimnion a s  one applying t o  a  r e a l  hea t  t r a n s f e r  

mechanism i n  bodies  of water we l l  s h e l t e r e d  from the  wind. For t he  

few such lakes  t h a t  have been s i m i l a r l y  t r e a t e d ,  t he  c l i no l imne t i c  

c o e f f i c i e n t  of turbulence was found t o  b e  inve r se ly  r e l a t e d  t o  

c l i no l imne t i c  volume. For lakes  more exposed t o  the  wind, however, 

turbulence was found t o  be  more d i r e c t l y  r e l a t e d  t o  su r f ace  a rea .  

For lakes  of t h i s  type Hutchinson's technique r e q u i r e s  an enormous 

number o f  d a t a  i n  o rde r  t o  average ou t  t h e  i n t e r m i t t e n t  and i r r e g u -  

l a r  e f f e c t s  of t he  seiche-induced t r a n s f e r  of hea t .  

Turbulence c a l c u l a t i o n s  were a l s o  made by t h e  procedure of 

Dutton and Bryson (Limnol, Oceanog. 7:80-97). The r e s u l t i n g  

c l ino l imne t i c  turbulence c o e f f i c i e n t  f o r  Tom Wallace Lake was 30% 

g r e a t e r  than t h a t  der ived by Hutchinson's technique. However, i t  

was shown t h a t  Dutton and Bryson's technique was not  completely 

c o n s i s t e n t  with c e r t a i n  experimental observat ions,  and t h a t  t h i s  

f a i r  agreement was l a r g e l y  f o r t u i t o u s .  

PERSONNEL: Sherwood B. Idso, R. Gene Gi lbe r t ,  J. M. P r i tchard ,  and 

Joyce M. Fos te r  (cooperator  from Zoology Dept., Arizona S t a t e  

Univers i ty) .  
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TITLE : MEASUREMENT AND PREDICTION OF THE SOLUBILITY 

BEHAVIOR OF THE CALCIUM MINERAL CONSTITUENTS 

OF SOILS 

CRIS WORK UNIT: SWC-018-gG-4 

INTRODUCTION : 

CODE No.: Ariz.-WCL 71-4 

The importance of t h e  ca2' o r i g i n a t i n g  from t h e  d i s s o l u t i o n  of 

Ca-minerals i n  s o i l s  has  been discussed i n  t h e  1970 and 1971 Annual 

Reports . 
S o l u b i l i t y  measurements of gypsum (CaSO 2H20) were continued 4 ' 

i n  t h e  more concent ra ted  s a l t  s o l u t i o n s  t o  s tudy t h e  b a s i c  process  

of t h e  d i s s o l u t i o n  of s o l i d s  by water. Because of some misunder- 

s t and ing  i n  t h e  use of and i n t e r p r e t a t i o n  of t h e  p r i n c i p l e  of 

s o l u b i l i t y  and s o l u b i l i t y  products ,  a r e p o r t  was put  out  t o  c l a r i f y  

some of t h e  computations involved i n  de f in ing  t h e  thermodynamic 

s o l u b i l i t y  cons tan t  and t h e  measurement of s o l u b i l i t y  when i o n i c  

a s s o c i a t i o n  is p re sen t .  

I t  w a s  a l s o  found p o s s i b l e  t o  apply the  i o n  a s s o c i a t i o n  model 

t o  t he  sodium and calcium exchange phenomenon i n  t h e  s u l f a t e  and 

ch lo r ide  s o i l  systems. Manuscripts (1) and (2) c i t e d  i n  t h e  Refer- 

ences s e c t i o n  e l abo ra t e  on t h e  two preceding s u b j e c t  ma t t e r s .  

RESULTS AND DISCUSSION : 

The r e s u l t s  of gypsum s o l u b i l i t y  i n  concent ra t ions  N a C 1 ,  NaNO 
3 

NaC104, and NaOAc a r e  presented i n  Figure 1. The d i f f e r e n c e s  i n  

s o l u b i l i t y  i n  t h e  var ious  s a l t  s o l u t i o n s  have been explained on 

b a s i s  of t h e  i n t e r a c t i o n s  of t h e  ca2' wi th  t h e  anion (Nakayama, 3 ) .  

A t  1 - M s a l t  concen t r a t ion  and h ighe r ,  however, t h e  theory developed 

f o r  t h e  less concentrated s o l u t i o n s  was no t  app l i cab le .  Addi t iona l  

modi f ica t ions  t o  t h e  o r i g i n a l  theory,  inc luding  water  a c t i v i t y ,  i o n  

hydra t ion ,  and modi f ica t ion  of i on -ac t iv i ty  func t ion ,  were t e s t e d ,  

bu t  a complete t rea tment  t o  account f o r  t h e  s o l u b i l i t y  of gypsum 

both i n  d i l u t e  and concent ra ted  s o l u t i o n s  has  n o t  been succes s fu l  

so  f a r .  
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Gypsum s o l u b i l i t y  increased  t o  a  maximum and then decreased 

as a func t ion  of i nc reas ing  s a l t  concent ra t ion  f o r  t h e  d i f f e r e n t  

s a l t s  (F igure  1 ) .  I n  t he  case  of NaOAc, t h e  l i m i t  i n  t he  solu- 

b i l i t y  of NaOAc was reached be fo re  a  minimum i n  gypsum s o l u b i l i t y  

was reached. 

SUMMARY : 

The s o l u b i l i t y  of gypsum decreased a t  t h e  h igher  sal t  concen- 

t r a t i o n s .  T h e o r e t i c a l  t rea tment  f o r  expla in ing  t h i s  s o l u b i l i t y  

behavior  was s u c c e s s f u l  only up t o  1 M e l e c t r o l y t e  concent ra t ion .  

The s o l u b i l i t y  theory needs f u r t h e r  refinement t o  exp la in  s o l i d  

s o l u b i l i t y  a t  t h e  high s a l t  concent ra t ions .  

IREFERFNCES : 

1. Nakayama, F. S. On s o l u b i l i t y  and s o l u b i l i t y  product cons tan ts .  
S o i l  S c i .  Soc. Amer  . Proc.  (submitted f o r  pub l i ca t ion ,  1972). 

2 ,  Nakayama, F.  S .  Evaluat ion of t h e  sodium-calcium exchange 
cons tan ts  i n  t he  chloride-  and s u l f a t e - s o i l  systems based on 
the  i o n i c  a s s o c i a t i o n  model (approved by Nat iona l  Technical  
Ed i to r ;  t o  b e  submit ted t o  S o i l  S c i .  Soc. A m e r .  Proc.,  1973). 

3 .  Nakayama, F. S .  Calcium complexing and t h e  enhanced s o l u b i l i t y  
of gypsum i n  concentrated sodium-salt s o l u t i o n s .  S o i l  Sc i .  
Soc. Amer. Proc.  35:881-883. 1971. 

PERSONNEL : F. S . Nakayama and B . A .  Rasnick 
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igure  1 .  Solubility of gypstan (CaSO .2H 0 )  n h i g h  sel t concentrations. 
4 2 -  
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WATER VAPOR MOVEMENT THROUGH 

T: SWC-018-gG-la CODE NO.: A r i z , -  

e  p r o j e c t  was i n i t i a t e d  t o  eva lua t e  t h e  r e l a t i v e  c o n t r i -  

bu t ion  of molecul.ar d i f f u s i o n  and mass flow t o  t h e  movement of 

water vapor through mulches under f i e l d  cond i t i ons .  This  objec-  

t i v e  has been r e a l i z e d ,  and t h e  d e t a i l s  of t h e  experiment a r e  

w r i t t e n  i n  t h e  manuscript e n t i t l e d  "Water Vapor Movement Through 

Mulches Under F i e l d  Conditions" by B. A ,  Kimball which has  been 

subrni@ted t o  t h e  S o i l  Sc ience  Soc i e ty  of America Proceedings.  

During t h e  experiment3 t h e  l o s s  of water  vapor through 0 , 5 - ,  

I-, and 2-cm depths  of waterproofed mulches was measured under 

f i e l d  cond i t i ons  w i th  lys imeters .  Concurrent measurements of 

wind v e l o c i t i e s ,  a i r  vapor p re s su re s ,  and temperatures  a t  t h e  

mois t  soil-mulch i n t e r f a c e s  permi t ted  c a l c u l a t i o n s  of e f f e c t i v e  

u s ion  c o e f f i c i e n t s  t o  be made. The average e f f e c t i v e  d i f -  

f u s ion  c o e f f i c i e n t  f o r  a f te rnoon pe r iods  was found t o  be 1,26 

e s  g r e a t e r  t han  t h e  molecular  d i f f u s i o n  c o e f f i c i e n t ,  i s  

f i g u r e  could have been a s  low a s  0.90 o r  a s  high a s  1.63 i f  

p o s s i b l e  sys temat ic  e r r o r s  were a d d i t i v e .  Therefore ,  i t  was con- 

uded that mass flow processes  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  

movement of water  vapor dur ing  evaporat ion,  more so  than  has 

generalby been presumed. 

Annual Report of the U.S. Water Conservation Laboratory



TITLE : USE OF FLOATING PIATERIALS TO REDUCE EVAPORATION 

FROM WATER SURFACES 

CRIS WORK UNIT : SWC-018 -gG4 CODE NO.: Ariz.-WCL-71-6 

INTRODUCTION : 

Long range d u r a b i l i t y  and e f f i c i ency  s tud ies ,  i n i t i a t e d  i n  

1970 and 1971 using SSP foamed butyl ,  mini-vaps, foamed wax 

blocks, and two continuous layers  of wax, were continued during 

1972. (See 1971 Annual Report.) Also s tudied  were th ree  new wax 

covers cons is t ing  of granular  wax, p l a i n  wax blocks, and wax 

blocks covered wi th  charcoal.  These th ree  were chosen i n  order  

t o  evaluate the  various methods of appl ica t ion .  

The d i f f e r e n t  evaporation r a t e s  of the  Young pans, s tock 

tank #2, and the  pond were monitored, and re la t ionsh ips  compared 

wi th  previous records.  

A summary of a l l  previous evaporation reduction s tud ies  up 

t o  mid 1972 was compiled and submitted t o  the  Journal  of the  

I r r i g a t i o n  and Drainage Division of the  American Society of 

C iv i l  Engineers f o r  publicat ion.  

PR QCEDURE : 

Evaluation of the  various treatments was the  same as i n  

previous years ,  the  procedure being t o  compare evaporation from 

a t r ea ted  tank t o  t h a t  from an i d e n t i c a l  untreated tank. The 

mini-vaps, SSP foamed butyl ,  and granular  wax were t e s t e d  a t  the 

laboratory s i t e .  The granular  wax was applied a t  a r a t e  of 
2 

2 lb/yd t o  tank #4. This amounted t o  8.25 pounds t o t a l ,  and 

provided a complete cover under calm wind condit ions.  

Tested a t  the  Granite  Reef s i t e  were the  covers of foamed- 

wax blocks and the  two continuous layers  of  wax on tanks #1 and 

114, as  well  as  the  new covers of p la in  wax blocks and charcoal- 

covered wax blocks on tanks #3 and #5, respect ive ly .  The covers 

on tanks #3 and #5 consis ted  of four i d e n t i c a l  125O melting point  

wax blocks about 10" x 20" x 1%" i n  s i z e ,  Before appl ica t ion ,  
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the  four blocks on tank #5 were covered wi th  a layer  of powdered 

charcoal t o  darken the  surface .  

Evaporation r e l a t i o n s  hips between the  Young pans, tank #2 

and the pond were determined from evaporation measurements a s  i n  

the  pas t .  

RESULTS AND DISCUSS ION : 

A .  Laboratory Studies.  

The e f f i c i ency  of the  SSP foamed bu ty l  cover continued t o  

decrease s l i g h t l y  during 1972. Covering about 80% of the  surface  

area,  t h i s  cover reduced evaporation 74% i n  1970, 67% i n  1971, 

and 63% i n  1972, It appears the  cover i s  weathering slowly; 

however, varying c l imatologica l  conditions could account f o r  par t  

of t h i s  s l i g h t  reduction i n  e f f i c i ency .  

The apparent increase  i n  e f f i c i ency  of the  mini-vaps t o  27% 

i n  1971 did not continue i n  1972, a s  e f f i c i ency  dropped t o  22%. 

Again, c l imatologica l  f ac to r s  may cause some reduction but weath- 

er ing  i s  probably the  main cause of the  decrease i n  ef f ic iency.  

The granular  wax was not applied u n t i l  l a t e  i n  the  year  and 

only a small amount of da ta  i s  usable due t o  numerous rainstorms. 

The average e f f i c i ency  based on t h i s  da ta  i s  30%. Longer exposure 

w i l l  be required t o  properly evaluate t h i s  mater ia l .  

B. Granite Reef Studies ,  

The o v e r a l l  evaporation reduction e f f i c i ency  of the  foamed 

wax blocks and the two continuous layers  of wax remaining on the  

exposed wal l  tanks from l a s t  year  increased s l i g h t l y ;  the  

averages now being 38%) 78%) and 90% f o r  the  foamed wax blocks, 

the 1 2 0 ~ - 1 3 5 ~  wax layer ,  and the  1 2 0 ~ - 1 2 5 ~  wax layer ,  respect ive ly .  

The 125' charcoal-covered wax blocks on tank #5 melted wi th in  

l e s s  than a month and covered the  e n t i r e  surface ,  Evaporation 

reduction e f f i c i ency  averaged 71% f o r  the  7 months of treatment. 

The p la in  125' wax blocks on tank $13 melted very slowly and never 

did cover more than about 40% of the  surface  area.  Evaporation 
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reduction e f f i c i ency  averaged only 15% over the  same 7-month 

period, thus showing the importance of the  darker color  and 

f a s t e r  melting. 

C. Evaporation Relat ionships.  

The r a t i o  of the  evaporation r a t e s  from the  nor th  and south 

Young pans, respect ive ly ,  changed s i g n i f i c a n t l y  during the  l a s t  

ha l f  of 1972. This r a t i o  averaged 0.95 fo r  a11 previous years  

and the  f i r s t  ha l f  of 1972, with monthly values ranging from 

0.87 t o  1.04. The r a t i o  then gradually changed u n t i l  it reached 

1.15 fo r  December, and averaged 1.00 fo r  the  year .  The cause of 

t h i s  change was not evident  a f t e r  v i s u a l  inspect ion  of the  pans 

and t h e i r  surroundings. 

A comparison of evaporation from tank #2 t o  t h a t  from each 

of the  Young pans shows both r a t i o s  t o  be higher during 1972 than 

f o r  previous years .  The r a t i o  involving the  south pan exh ib i t s  

the g r e a t e s t  change. 

The r a t i o s  of evaporation from the  pond and the  Young pans 

were a l s o  higher during 1972, However, the  waterstage recorder 

malfunctioned and da ta  were ava i l ab le  f o r  only the f i r s t  9 months 

of the year. 

SUMMARY AND CONCLUS IONS : 

The evaporation reduction e f f i c i ency  of a foamed bu ty l  cover 

has decreased each of the  l a s t  two years from 74% i n  1970, t o  

67% i n  1971, t o  63% i n  1972, with 80% of the  surface  covered. 

This reduction i n  e f f i c i ency  i s  probably due t o  weathering of 

t h e  surface .  The e f f i c i ency  of a commercial p l a s t i c  mater ia l  

ca l l ed  mini-vaps a l s o  decreased, from 27% i n  1971 t o  22% i n  1972. 

Again, weathering was probably the  main reason fo r  the  reduction 

i n  ef f ic iency,  although varying c l imatologica l  f a c t o r s  could 

cause some v a r i a t i o n  i n  e f f i c i ency  from one year  t o  the  next.  

The o v e r a l l  e f f i c i ency  of th ree  wax treatments a t  the  Granite 

Reef t e s t  s i t e  increased s l i g h t l y  during 1972. These covers, 

cons is t ing  of (1) foamed wax blocks, (2) a continuous layer  of 
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1 2 0 ~ - 1 2 5 ~  melt ing poin t  wax, and (3) a continuous l aye r  of 1 2 0 ~ - 1 3 5 ~  

melt ing po in t  wax have reduced evaporat ion by 38, 78, and 90%, 

r e spec t ive ly ,  during the  p a s t  3 years .  

Three methods of applying wax t o  t h e  water  su r f ace  of a s t o c k  

tank were t e s t e d .  Two of  t he  methods were s i m i l a r  i n  t h a t  four  

blocks of wax w i t h  a melt ing poin t  of 125O were placed on t h e  

su r f ace  of each of two tanks. However, the  s u r f a c e  of t he  four  

blocks on one of t h e  tanks was covered w i t h  powdered charcoal .  

The four  charcoal-covered blocks melted w i t h i n  a couple of weeks 

and covered t h e  e n t i r e  su r f ace  a rea .  The evapora t ion  reduct ion  

e f f i c i e n c y  of t h i s  cover averaged 71% over  t h e  7-month s tudy 

period.  The four  blocks on the  o the r  tank melted s l i g h t l y  but 

never covered more than  40% of t h e  su r f ace  a rea ,  and reduced 

evaporat ion by only 15% during the  same 7-month period.  

High-melting-point granular  wax was appl ied  t o  t h e  water 

su r f ace  u n t i l  a complete cover was maintained i n  t h e  t h i r d  method 

of a p p l i c a t i o n ,  This t reatment  d id  not melt  and reduced evapora- 

t i o n  by 30% during the  l a s t  pa r t  of 1972. 

The r a t i o s  of  evaporat ion from t h e  pond and tanks t o  t h a t  from 

t h e  two Young pans were gene ra l ly  higher  during 1972 than  those 

ca l cu la t ed  Eor previous years .  There was a l s o  a s h i f t  i n  the 

r e l a t i o n s h i p  of  evaporat ion between t h e  two Young pans. A l l  

previous d a t a  i nd ica t ed  t h e  south  pan evaporated a t  a higher  r a t e  

than the no r th  pan. This r e l a t i o n s h i p  was reversed  dur ing  the  

l a s t  6 months of 1972 and no apparent cause has been determined. 

PERSONNEL: Keith R .  Cooley 

CURRENT TERMINATION DATE: December 1972 
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TITLE : ONE-DIMENSIONAL now IN SCALED 

HETEROGENEOUS POROUS MEDIA 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.:  Ariz.-WCL 71-9 

I n f i l t r a t i o n  i n t o  a porous medium i n  which t h e  hydrau l i c  con- 

d u c t i v i t y  i nc reases  w i t h  depth is shown t o  approach at q u i t e  e a r l y  

times a l i m i t i n g  f l u x  condi t ion .  This condi t ion  i s  defined by a 

p re s su re  head p r o f i l e  i n  t h e  s a t u r a t e d  zone becoming t a n g e n t i a l  t o  

t h e  water  e n t r y  va lue  p r o f i l e .  Equations a r e  presented enabl ing  

t h e  va lues  of t h e  l i m i t i n g  f l u x  ( f Q )  and t h e  e l e v a t i o n  of t h e  p o i n t  

of con tac t  ( z  ) t o  be ca l cu la t ed  i n  terms of t h e  m a t e r i a l  p r o p e r t i e s  
R 

and t h e  boundary cond i t i ons .  Below 2% an unsa tura ted  zone e x i s t s  

and we t t i ng  up i n  t h i s  zone cont inues under t h e  condi t ion  of l i m i t -  

i n g  f l u x .  A method is presented whereby t h e  p re s su re  and water 

conten t  p r o f i l e s  f o r  t h i s  zone can be  determined. A paper has  been 

accepted f o r  p u b l i c a t i o n  on t h i s  material (Watson, Per rens ,  and 

Whisler ,  4 ) .  The m a t e r i a l  i n  t h e  1971 Annual Report has been pub- 

l i s h e d  i n  r e f e rences  1-3. 
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CHEMICAL TREATMENT OF IRRIGATION WATER FOR THE 

PREVENTION OF CLOGGING AND TEIE REMOVAL OF F W  

OBSTRUCTIONS I N  TRICKLE IRRIGATION SYSTEMS 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.: Ark.-WCL 71-11 

INTRODUCTION : 

The o b j e c t i v e s  of t h i s  s tudy have been covered i n  t h e  1971 

Annual Report, 

Fur ther  microscopic examination of plugged o r i f i c e s  i n  o t h e r  

types of t r i c k l e  emitters showed t h a t  a combination of suspended s o l -  

i d s  and of c r y s t a l l i z e d  ma te r i a l s  which o r i g i n a t e d  from the  d isso lved  

phase made up the  obs t ruc t ions .  As a consequence of the mfcroscopic 

ana lys i s  and the  hypothesis  t h a t  a major p a r t  of t h e  clogging p r  

l e m  can be prevented by the proper  f i l t r a t i o n  of t h e  i r r i g a t i o n ,  a 

s epa ra t e  research  o u t l i n e  has been i n i t i a t e d  by o t h e r s  (Bucks, 

D. A * ,  "Design and Performance of T r i ck l e  I r r i g a t i o n  Sys t e  

WCL 70-3). 

I n v e s t i g a t i o n  i n t o  the  d i s s o l u t i o n  proper ty  of var ious  minera l  

ac ids  r e l a t i v e  t o  gypsum (CaSO 2H 0) w a s  continued f u r t h e r  at 
4' 2 

h igher  a c i d  concent ra t ions .  I n  the course of t h i s  and r e l a t e d  

experiments,  i t  w a s  found necessary t o  develop a method f o r  de te r -  

mining s u l f a t e  (SO ) which would decrease the time r equ i r ed  f o r  
4 

ana lys i s  and which would a l s o  have an equ iva l en t  s e n s i t i v i t y  and 

accuracy as the s tandard  method. 

RESULTS AND DISCUSSION: 

1. Gypsum s o l u b i l i t y  i n  ac ids ,  Fur lher  d i s t i n c t i o n  of  the 

s o l u b i l i t y  behavior  of gypsum i n  HN03, HC1,  HC104, and HOAc was 

evident  a t  the h ighe r  ac id  concent ra t ions  (Figure 1 ) .  Gypsum 

s o l u b i l i t y  increased  t o  a unique maximum f o r  HNO HC1,  and HC104, 3' 
and then decreased as t he  ac id  concent ra t ion  increased .  Acet ic  

ac id ,  HOAc, unl ike  i ts sal t  NaOAc, d id  no t  d i s s o l v e  much gypsum. 

This behavior  is  most l i k e l y  due t o  the l i m i t e d  d i s s o c i a t i o n  of 

the  HOAc molecule i n  water, even though from previous s t u d i e s  the  
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i n t e r a c t i o n  between t h e  a c e t a t e  i o n  OAC- and ca2' t o  form CaOAc 9 

is  g r e a t e r  than  t h a t  f o r  NO- o r  ~1-.  
3 

2. S u l f a t e  ana lys i s .  The nitrochromeazo t i t r i m e t r i c  method 

(Basargin,  1 )  was modified and was t e s t e d  wi th  t h e  s tandard  method 

f o r  t h e  de te rmina t ion  of s u l f a t e  i n  i r r i g a t i o n  and w e l l  water, 

sewage e f f l u e n t ,  and so i l -water  e x t r a c t s .  By us ing  NN F and low 4 
pH (1.7-2.0) t o  avoid ca2' and o the r  heavy metal  i n t e r f e r e n c e ,  and 

by t i t r a t i n g  i n  an acetone-water medium, r e l i a b l e  t i t r a t i o n  endpoint 

could b e  obta ined .  The method was app l i cab le  t o  a v a r i e t y  of aque- 

ous samples w i th  s a l i n i t y  ranging from 500 t o  32,000 ppm. The 

procedure requi red  only a few minutes t o  run compared t o  t h e  s tand-  

a rd  gravimet r ic  method r equ i r ing  a t  l e a s t  1-1/2 days t o  complete. 

I t  a l s o  requi red  only one- f i f th  t h e  sample volume, Another advan- 

tage  of t h e  nitrochromeazo technique w a s  t h e  e l imina t ion  of sample 

pre t rea tment  w i th  i o n  exchange r e s i n  as requi red  by o t h e r  t i t r i-  

met r ic  method. A manuscript covering t h i s  work has been prepared 

(Rasnick and Nakayama, 2) 
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Figure 1 .  solubility of gypsum (CaSO . 2 H  0 )  in high a c i d  concentrations. 
4 2 
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K UNIT: SWC-018-gG4 

asurements of r a i n f a l l  and runoff were continue 

large  watersheds a t  the  nument Tank t e s t  s i t e ,  on the  p l o t s  a t  

the Granite  Reef t e s t i n g  s i t e ,  and a t  the  Seneca c a t c  

Evaluation of the  weathering performance of low-cost s o i l -  

s t a b i l i z e r  and water - repel lent  treatments on small t e s t  

Granite Reef were continued, 

Preliminary da ta  analys is  and i n t e r p r e t a t i o n  of r a i n f a l l -  

runoff r e l a t i o n s  has been completed f o r  a l l  the  t r e a t  

la rge  p l o t s  a t  the  Granite  Reef t e s t  s i t e ,  

P I. GRANITE REEF TESTING SITE 

Ra in fa l l  during 1972 t o t a l e d  243,8 

occurred a f t e r  6 June 1972 wi th  80% (201 m) corning the  l a s  

3 months of the  year .  

Paved o r  Covered Plots :  The treatments app 

a r e  l i s t e d  i n  Table 1 and t h e  runoff r e  

Runoff from the  p l o t s  covered wi th  t h i n  f i l  

ch lor ina ted  polyethylene), L-4 (15 mm butyl ) ,  a 

aluminum f o i l )  averaged 94,9%, 67.9%, and 85,4%, 

inum f o i l  and chlor ina ted  polyet lene have not  changed 

i n  physical  appearance the  pas t  year .  Several  small  hole 

developed i n  the  chlor ina ted  polyethylene sheet ing,  possibly 

caused by small animals, The bu ty l  p l o t  continues t o  de 

but s t i l l  maintains a respectable  runoff e f f i c i ency  a f t e r  l a  years  

of exposure, 

The two-phase aspha l t  treatments on p l o t s  L-5 and L-6 

averaged 92.4% and 87,4% r a i n f a l l  runoff ,  r e s  

cracks i n  the  p l o t s  were sea led  wi th  a spha l t  and sand i n  Janua 

1972, The runoff measurements i n d i c a t e  the cracks i n  L-6 have 

reopened, Runoff from L-5 shows t h a t  sprayed as  

can be maintained a t  high e f f i c i ency  w i  
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The aluminum-vinyl coated aspha l t - f ibe rg las  

yielded 94.9% runoff ,  Cracks a re  v i s i b l e  i n  the  

coating but  they do not penetrate the  underlying 

qua l i ty  of runoff water from t h i s  p lo t  s h  

colora t ion  from oxidized asphal t .  The standard 

-2 averaged 79.8% runoff ,  This t r e a t  

lose  approximately 2 mm of runoff per storm by w 

wi th in  the gravel  covering, 

Runoff from the  concrete catchment A-5 average 

1972. This compares t o  an average of 56.0% f o r  1971, 

1972 the  t ransverse  cracks i n  the catchment were sea  

of a spha l t - f ibe rg lass .  Observations during r a i n f a l  

c a t e  the  concrete absorbs a s i g n i f i c a n t  quant i ty  of 

runoff occurs. This would account f o r  the  l w e r  t h  

e f f i c i ency  from the  p l o t ,  

Bare S o i l  P lo t s :  The bare s o i l  p l o t s  a r e  a l l  

where the s o i l  i s  not completely covered or  paved, 

a r e  l i s t e d  i n  Table 3 and the  runoff r e  

Ra in fa l l  runoff from the th ree  watersheds W - l ,  

averaged 24.O%, 9.5% and 29.9%, respect  ive ly  , The 

W - 1  and W-3 was s i g n i f i c a n t l y  higher than measured 

years .  Runoff from the  smoothed untreated p l o t s  E- 

29.5% and 37,5%, respect ive ly ,  The two unt rea ted  r 

furrow p l o t s  R - l  and R-3 averaged 37.1% and 32,2% r 

higher runoff from these  untreated p l o t s  was h i  

i n  previous years ,  This was possibly a r e s u l t  of t 

pa t t e rns  which d id  not permit the  s o i l  t o  dry bet  

events ,  

T I%. STABZEIZED KLOROPHOBLC SOILS 

Runoff from bare s o i l  catchments t r ea ted  wi th  low cos 

r e p e l l e n t s  appear promising as  an inexpensive aethod of co 

water fo r  a  mul t ip le  of uses,  Even wi th  a d m  ght the first 
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6 months of 1972, runoff from these low-cost t r e a  ments was equal 

to ,  o r  b e t t e r  than, the preceding yea r ,  

Plot  R-4, t r ea ted  wi th  low-cost s o i l  s t a b i l i z e r  an 

repe l l en t ,  averaged 75,6% runoff f o r  1972. Plot  8-4, t r e a t e  

s imi la r ly  t o  p l o t  R-4 but wi th  1 year l e s s  e 

86,4% runoff .  'Ehe water-repellent-alone p l o t  

1965 and r e t r e a t e d  i n  1969, averaged Q3,3% r u  

runoff e f f i c i ency  between these th ree  p l o t s  w 

s ince  treatment show the  gradual  decl ine  i n  e f fec t iveness  of the  

water-repellent  t reatment,  

Plot R-2b, which was t r e a t e d  wi th  a granular  w 

produced 90,0% runoff from 202.8 man ra in ,  while L-2 

p lo t ,  had only 29.0% runoff ,  Further  d iscuss ion of 

i s  presented i n  o ther  sec t ions  of the  ann 
2 

Weathering and eros ion res i s t ance  s tud ies  of I - m  

na tu ra l  s o i l  a t  Granite Reef t r ea ted  wi th  water r e p e l l e n t s  and 

various s o i l  s t a b i l i z e r s  were continued i n  1972, 

treatments and r e s u l t s  is presented i n  e lve  of the  16 

o r i g i n a l  treatments a r e  s t i l l  being ob 

i s  checked by dropping 1000 drops of water, 5 mm 

a height of 2 m onto the t r e a t e d  s o i l ,  After  the  

have been made, observations a r e  made of the  s o i l  su r face  t o  

determine i f  any erosion occurred and a l s o  t o  measure the  depth 

of water repellency of the  s o i l .  Ten of the  treatments have l i t t l e  

or  no eros ion,  This changes from time t o  time as  s o i l  blown onto 

the  t e s t  a reas  i n  between t e s t s  w i l l  erode. Also, the re  is  very 

l i t t l e  water repellency on the  surface  of any treatment, but 

under the  surface,  repel lency i s  good t o  e x c e l l e n t ,  This s 

w i l l  continue i n t o  the next year  wi th  newer chemicals a l s o  being 

observed. 
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PART 111. RAIEJFBLL-RmOFF STUDIES AT 

eliminary data  analys is  and i n t e r p r e t a t i o n s  of r a i n f a l l -  

runoff r e l a t i o n s  f o r  a l l  the  treatments on the  la rge  

Granite Reef have been completed f o r  a l l  a t a  co l l ec ted  p r i o r  

t o  1 January 1972. A summary of the  e f fec t iveness  of these 

treatments i s  presented i n  Table 6 ,  

For each treatment, the  measured runoff f o r  each r a i n f a l l  

event was p lo t t ed  f o r  a l l  storms, and the  bes - f i t  s t r a i g h t  

of the  points  was computed by least-squares techniques. 

threshold r a i n f a l l  i n  Table 6 represents  the  r a i n f a l l  value of 

the  b e s t - f i t  l i n e  needed before runoff occurre e runoff 

e f f i c i ency  i n  Table 6 represents  the  s l o  e of the  b e s t - f i t  l i n e  

and would correspond t o  the  runoff e f f i c i ency  a f t e r  the  threshold 

r a i n f a l l  requirement had been s a t i s f i e d ,  

The r e s u l t s  show t h a t  a l l  the  p lo t s  which did not  have a 

chemical t reatment required over 2 m of r a i n f a l l  before runoff 

occurred, The runoff e f f i c i ency  f o r  these  treatments was then 

20 t o  40%, As  was expected, the  threshold r a i n f a l l  decrea 

runoff e f f i c i ency  increases  as  add i t iona l  p lo t  preparat ion o r  

s o i l  smoothing i s  performed, Por the low-cost chemical t r e a t -  

ments, the threshold r a i n f a l l  was 1.5 t o  24- mm and runoff 

e f f i c i ency  was 45 t o  90%, 

'fie remaining p l o t s  a r e  c l a s s i f i e d  as paved o r  covered 

treatments,  Threshold r a i n f a l l  fo r  these  treatments i s  l e s s  than 

2 mm and runoff e f f i c i ency  i s  g rea te r  than 75%. The t h i n  f i lm 

covering of aluminum f o i l ,  butyl,  chlorinated polyethylene and 

polyethylene do have a measurable threshold r a i n f a l l  value,  

chanical  problems were encountered wi th  the  mechanical 

weather s t a t i o n s  which record r a i n f a l l  i n t e n s i t y ,  windspeed, 

wind dimension and temperature, Ra in fa l l  a t  t h e  s i t e  was 306,8 m 

f o r  the year ,  which was approximately LOO l e s s  than nor 
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There a r e  ind ica t ions  t h a t  the  majori ty of the r a i n f a l l  

occurred as  low-intensi ty storms. Sedimentation of the flumes 

was not a  problem t h i s  year,  although a considerable amount of 

loose rock and gravel  appears upstream i n  the  unlined channel of 

R-4 .  This undoubtedly w i l l  have t o  be removed o r  a  la rge  runoff 

event could plug the  flume. The two l ined  channels from R-2 and 

R-3  a re  very b e n e f i c i a l  i n  t ranspor t ing  the  water a s  losses  a r e  

minimal, The rese rvo i r  has had water i n  i t  f o r  w i l d l i f e  and 

s tock usage s ince  September and t h i s  should s t ay  t h i s  way f a r  

some time wi th  the  help of add i t iona l  r a ins .  Total  runoff from 

the  four areas  has not been computed, 

PART V. 0IPERllTLONh.L PLELD CATCmEJTS 

Runoff from Seneca increased somewhat t h i s  year  as  most of 

the  r a i n  came l a t e  i n  the year .  The r e s u l t s  a r e  s t i l l  very low 

due t o  the  ineffec t iven&ss  of the  treatments used. Total  r a in -  

f a l l  fo r  1972 was 415-5 mm, which i s  c lose  t o  the annual r a i n f a l l ,  

Some t e s t  treatment of a  s o i l  s t a b i l i z e r  was applied t o  the  p lo t ,  

and i f  the  r e s u l t s  a r e  encouraging, the  e n t i r e  catchment w i l l  be 

t r ea ted  i n  the  summer of 1973, 

15 

Rainfal l-runoff  measurements were continued a t  the  Granite 

Reef Testing S i t e .  Runoff from a l l  the  p l o t s  was higher than 

measured i n  1971 desp i t e  a  6-month period of no r a i n f a l l  a t  the  

beginning of the  year .  The water r epe l l en t  and water-repellent  

s o i l - s t a b i l i z e r  t reatments continue t o  show a slow decl ine  i n  

e f f i c i ency  wi th  time. Sealing of cracks i n  the  two-phase asphal t  

treatments wi th  sand and asphal t  were successful  i n  rejuvenating 

the p l o t s  t o  a  high e f f i c i ency  l e v e l ,  Cracks i n  the  concrete 

catchment were successful ly  sea led  wi th  s t r i p s  of asphal t -  

f ibe rg lass .  The concrete s t i l l  has l e s s  e f f i c i ency  than expected 

because the surface  w i l l  absorb some water i n t o  the  concrete. 

Measurements of water drop impact on small  p l o t s  of n a t u r a l  

s o i l  t r e a t e d  wi th  various s o i l  s t a b i l i z e r s  and water r e p e l l e n t s  
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i n d i c a t e  the  Granite  Reef s o i l  type can be t r e a t e d  t o  wi ths tan  

erosion t h a t  might be caused by raindrop impact, 

treatments a r e  e t i l l  e f f e c t i v e  a f t e r  2 years ,  

eliminary analys is  of the  r a in fa l l - runof f  r e l a t i o n s  f r o  

a l l  the  treatments a t  Granite  Reef show the  threshold r a i n f a  

va r i e s  from 3 mm per storm f o r  the  uncleaned watersheds t o  l e s s  

than 0.5 mm f o r  the  bonded f i lm treatments,  

increase  i n  runoff e f f i c i ency  i s  a l s o  present ,  

threshold r a i n f a l l  decreases and runoff e f f i c i e  

wi th  increasing s o i l  smoothing o r  chemical s e a l  app l i ca t ions ,  

Runoff measurements a t  nument Tank and Seneca were con- 

tinued. The da ta  has not been completely processed but  no 

changes i n  runoff c h a r a c t e r i s t i c s  a r e  expected, 

EL: G. W. Fras ie r ,  L. E ,  e r s ,  J ,  R ,  Griggs, 

TERMINBTIOH DATE: September 1974 
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Table 1. Treatments on paved o r  covered p l o t s  a t  Grani te  

P lo t  Treatment Date Treatment 

1,- 1 8 Aug 1967 

22 Aug 1967 

L-4 30 Nov 1961 

L-5 18 Sep 1962 

16 Plar 1966 

L-6 19 Apr 1963 

8 May 1963 

L- 7 3 Aug 1967 

A- 1 3 Aug 1967 

22 Aug 1967 

Basecoat. MC-250 a t  1.5 k 

Topcoat. RSK as h a l t  emulsion a t  0,7 

a s p h a l t  c2 
Top Sheet ing.  30-mil ch lo r ina t ed  b 1  ac 

polye thy l ene  

Butyl  Rubber Sheet ing.  15 

Basecoat.  S-1 a t  1.04 kg 

Topcoat. RSK as h a l t  emulsion a t  

a s p h a l t  m2 
Sea lcoa t ,  Modified SS a s p h a l t  ernulsi on at 

0.6 kg a s p h a l t  m-2 

e c o a t .  RC-special a t  1.5 k -2 

Topcoat South Ha l f ,  S-2 a  

bu ty1  l a t e x  

P ,  S-l a t  Q. 

t h  3% b u t y l  l a t e x  

Basecoat. MC-250 a t  1.5 kg a s p h a l t  m2 
Top Sheet ing.  1 - m i 1  aluminum Eo 

emulsion a t  1 . 4  k 

Top Spray. Viny 

yd-2 
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Table  1. Treatments  on paved o r  covered p l o t s  a t  G r a n i t e  

(con t inued)  . 

P l o t  Treatment Date Treatment 

A- 2 3 Aug 1967 Basecoat .  MC-250 a t  1 . 5  kg aspka 

12 Sep 1967 Top Shee t ing .  S tandard  r a g  f e l t - r o c k  

r o o f i n g  t r e a t m e n t  

A-5 Sep 1968 Concrete S l a b .  
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Table 2, Ra in fa l l  runoff for  paved o r  covered p lo t s  a t  Gsan 

Date 

1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Jun 

17 J u l  

12 Aug 

2 Sep 

18 Sep 

3- 4 oc t  

4- 5 O c t  

5 Oce: 

6 O c t  

19 Oct 

25 O c t  

11 Nov 

1 7  Nov 

4 Dec 

8 Dec 

28 Dec 

28 Dee 

o t  al. 

Reef. 

Tota l  

Runoff 

rn 

1,8  

1.3 

17,8 

1 , 3  

11.0 

5 *3  

2 , 5  

1,8  

25.3 

7,5 

3 -5 

32,9 

36,6 

8 , 1  

2.0 

20,5 

13,7 

4 ,3  

9,O 

33.5 

4.1 
P 

243.8 

L- 1 

Runoff 

rn % 

L-4 

Runoff 
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Table 2. Rainfall runoff for paved or covered plots at Granite 

Reef (continued), 

Date 
7 

1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Jun 

17 Jul 

12 Aug 

2 Sep 

18 Sep 

3- 4 Oct 

4- 5 oce 

5 oct 

6 oct 

18-19 Oct 

19 Oct 

25 Oct 

aa NOV 
17 Hov 

4 Dec 

8 Dec 

28 Bec 

28 Dec 

Total 

Runoff 

1.8 

1,3 

17.8 

1.3 

11,o 

5*3 

2,5 

1,8 

25,3 

7,5 

3 *5  

32.9 

36.6 

8,x 

2*0 

20,5 

13.7 

4*3 

9,O 

33,5 

4,1 
P 

243,8 

L-5 L-6 -1 

Runo f f Runoff 
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Table 2, Ra infa l l  runoff for paved or covered p lo t s  a t  

Date - 
1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Jun 

17 J u l  

12 Aug 

2 Sep 

18 Sep 

3- 4. Oct 

4- 5 Oct 

5 Oct 

6 Qct 

18-19 Oct 

19 Oct 

25 O c t  

11 Nov 

27 Nov 

4 Dee 

8 Dec 

28 Dec 

28 Dec 

Total 

Granite Reef (continued) , 

Total 

Runoff 

mm 

1 *a  
1,3 

17.8 

1,3 

11,o 

5,3 

2,5 

1,8 

25 - 3  

7*5 

3.5 

32.9 

3 6 , 6  

8 , l  

2.0 

2O,5 

13.7 

4 ,3  

9 , O  

33.5 

4 , l  

243,8 

A- 2 

Runoff 

mm % 

0 0 

0 0 

13,9 78,1 

0 0 

9,6 87,3 

4 ,5  84,9 

1,5 60,O 

0 0 

21.7 85,8 

6,2 82,7 

1.9 54.3 

29,l 88.4 

29,4 80.3 

6,9 85,2 

0,4 20,O 

17.7 86,3 

10.7 78, l  

2-5 58.1 

5,6 62.2 

30.2 90 , l  

2,8 68.3 - - 
194,6 79.8 
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Table 3 ,  Treatments of bare s o i l  p l o t s  a t  Granite  Reef, 

P lo t  Treatment Date Tf eatment 

L- 2 30 Nov 1961 

2-3 4 Aug 1965 

6 Nov 1969 

R- 1 1 PZar 1965 

R-2a 1 Mar 1965 

R-2b 29 Sep 1972 

13 May 1966 

A- 3 1 Aug 1967 

A-4b 10 &OV 1971 

W - l  1 Dec 1963 

W-2 1 Dec 1963 

W - 3  1 Dec 1963 

Smoothed s o i l ,  14.14 m x 14,14 

Smoothed s o i l ,  14.14 m x 14,14 

t r e a t e d  wi th  R-9 a t  0.057 kg mm2 

Retreated wi th  R-9 a t  0.04 kg m-2 

Ridge and furrow, 20% s ides lope  

Ridge ,and furrow, 10% s i d e  

Ridge and furrow, 10% s i d e  

t r e a t e d  wi th  w a x  water are 

a t  1,3 Ibs/yd 
2 

Ridge and furrow, 20% s i d e s l o  

Ridge and furrow, 10% s i d e  

t r e a t e d  wi th  44.9 g m-2 

carbonate 

Treated wi th  3% s i l i c o n e  water 

r epe l l en t  and 2% 

Smoothed s o i l ,  6 m x 30 m p lo t  

Smoothed s o i l  t r e a t e d  wi th  3% s i l i c o n e  

water r e p e l l e n t  and 2% s o i l  

s t a b i l i z e r  - 1,2 l i t e r s  of 

s o l u t i o n  m"' 

Uncleared wa 

Uncleared watershed 

Cleared watershed 
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Table 4. Rainfall runoff for bare soil plots at Granite Reef. 

Date - 
1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Jun 

17 Jul 

12 Aug 

2 Sep 

18 Sep 

3- 4 Oct 

4- 5 Oct 

5 oct 

6 Oct 

18-19 Oct 

19 Oct 

25 Oct 

11 Nov 

17 Nov 

4 Dec 

8 Dec 

28 Dec 

28 Dec 

Total 

Runoff 

m 

1,8 

1,3 

17.8 

1.3 

11,o 

5e3 

2.5 

1,8 

25 -3 

7.5 

3-5 

32,9 

36.6 

8.1 

2.0 

20,s 

13-7' 

4.3 

9,O 

33.5 

4,1 

Total 

W-1 

Runoff 

rim % 

0 0 

0 0 

5.2 29,2 

0 0 

1.8 16-4 

0 0 

0 0 

0 0 

6.5 25.7 

2.3 30,7 

0 0 

11*1 33,7 

10.8 29,5 

0,9 11.1 

0 0 

6.8 33.2 

3,8 27,7 

0,3 7.0 

1.3 14,4 

7.3 21.8 

0,5 12.2 - - 

W-2 

Runoff 

m % 

0 0 

0 0 

3,O 16.9 

0 0 

0,7 6.4 

0 0 

0 0 

0 0 

3.0 11,9 

1.1 14.7 

0 0 

6,O 18,2 

4,l 11,2 

0,l 1,2 

0 0 

3,l 15.1 

1,9 13.9 

0 0 

0,l 1*1 

0 0 

0 0 - - 
23.1 9.5 
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Table 4. Rainfall runoff for bare aoil plots at Granite Reef 

(continued). 

Date 
P 

1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Sun 

17 Jul 

12 Aug 

2 Sep 

18 Sep 

3- 4 Oct 

4- 5 Oct 

5 oct 

6 Oct 

28-19 Oct 

19 Oct 

25 Oct 

11. Nov 

3.7 Nov 

4 Dec 

8 Dec 

28 Dec 

28 Dec 

Total 

Total 

Runoff 

m 

L-2 

Runoff 

rn % 

A-4 

Runoff 

mm % 

A- 3 

Runoff 

m % 
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Table 4 ,  Ra in fa l l  runoff for  bare s o i l  p l o t s  a t  Granite Reef 

Date 
w 

1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Jun 

17 J u l  

12 Aug 

2 Sep 

18 Sep 

3- 4 Oct 

4- 5 Oct 

5 oct  

6 Oct 

18-19 Qct 

19 Oct 

25 Oct 

LL Nov 

17 Nov 

4 Dec 

8 Dec 

28 Dec 

28 Dec 

Total  

(continued), 

Total  

Runoff 

m 

1.8 

1.3 

17.8 

1.3 

11.0 

5 ,3  

2.5 

1.8 

25,3 

7 *5 

3,5 

32.9 

36,6 

8 , 1  

2,o 

20,5 

13.7 

4.3 

9,O 

33.5 

4 , l  

243.8 

R- 1 

Runoff 

mm % 

0 0 

0 0 

1 0 , l  56,7 

0.2 15,4 

3,6 32,7 

1,l 20.8 

0 0 

0 0 

9.0 35.6 

3,3 44.0 

0 0 

15.8 48.0 

15,5 42,3 

2,2 27,2 

0 0 

8.4 41,O 

5,8 42.4 

1,9 44.2 

2,8 3 1 , l  

9,7 29.0 

1 , O  24.5 
v - 
90.4 37.1 

R--2a 

Runoff 

m % 

0 0 

0 0 

9.7 54.5 

0,2 15.4 

4.4 40,O 

1 ,4  26,4 

0 0 

0 0 

- P 

15.7 36,7 
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Table 4. Ra in fa l l  runoff f,or bare s o i l  p lo t s  a t  Granite Reef 

Date - 
1972 

6 Jun 

8 Jun 

21-22 Jun 

22 Jun 

17 3x11 

12 Aug 

2 Sep 

18 Sep 

3- 4 Oct 

4- 5 oc t  

5 Oct 

6 Oct 

19 Oct 

25 Qct 

17 Nov 

4 Dec 

8 Dec 

28 Dec 

28 Dec 

Totab 

(continued), 

Total 

Runo I! f 

mm 

1 ,8  

1 ,3  

17.8 

1 - 3  

11 .o 
5.3 

2 , s  

1,8 

25.3 

7.5 

3,5 

32.9 

36.6 

8.1 

2.0 

20,5 

13.7 

4.3 

9,O 

33 *5 

4 , l  

243.8 

R-3 

Runoff 

man % 

0 0 

0 0 

9,4 52.8 

0 0 

4.3 39.1 

1.3 24,5 

0 0 

0 0 

8 ,4  33.2 

3.1 41,3 

0 0 

13.5 41.0 

12,9 3 5 , 2  

1.7 21,O 

0 0 

8 , 4  41.0 

4,6 33.6 

1.3 30,2 

1,8 20.0 

7,O 20.9 

0,8 19.6 
v P 

78,5 32.2 

R-4 

Runoff 

m % 

0 0 

0,1. 7*7 

16,O 89.9 

0.5 38.5 

9,O 81,8 

4 , 1  77,4 

2.5 100.0 

0.7 38.9 

19,2 75-9 

5 -4  72,O 

1.2 34*3 

28,3 86.0 

28,2 77,O 

6,O 74.1 

0.9 45-0 

15,6 76.1 

10*2 74.5 

3.1 72,b 

5.6 62,2 

25.1 74,9 

2.7 65.9 - - 
1184,4 75,6 

E-3 

Runoff 

0 0 

0 0 

12,1 68,O 

0 0 

7.3 66,4 

3,4 64.2 

0,4 16,O 

0 0 

16.7 66.0 

4,2 56,O 

0,2 5,7 

26.4 80.2 

4 . 9 6 0 , 5  

0 0 

14.8 72.2 

9,O 65,7 

2,1 48.7 

3,8 42.2 

21.9 65.4 

56, 1 
F 
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Table 5 ,  Results  of erosion and water repellency t e s t s  on 1 - m  2 

p l o t s  a t  Granite Reef, 

TREATMENT TEST DATE 

31 J u l  70 

1 / S o i l  -. 1 / Water - 
S t a b i l i z e r  DATE 

I. DCA 70 Dow 772 14 J u l  70 Mo 3 

2, Dupont 46-22 Row 772 14 J u l  70 No 3 

3 .  Dupont 72-60 Dow 772 14 J u l  70 No 3 

4. Dow 460 Bow 772 14 Ju1 70 No 3 

5. Dow 620 Row 772 I4 J u l  70 No 

6 ,  bk>w 636 Row 772 14 J u l  70 o 3 

r t o n  561-6 Dow 772 14 J u l  70 No 3 

8. Dresinate 80P DOW 772 14 Jul 70 Immediate hy 0 

Bow 772 14 J u l  70 No 3 
Starch  2813 

10, DCA 70 
2 l Mobil - 
46 

350 drops 0 

11, Dow Corning - - 21 Oct 70 - ... 
40219 

12, So i l  Seal ' A '  Dow 772 31 Dec 70 w "4 - - 
13,  Dow 880 Dow 772 31 Dec 70 - ." - - 
L4. National Dow 772 31 Dec 70 - - - - 

Starch 1251 

Dow 772 8 Jun 71 - - 
Binder 52 

16. Aerospray Dow 772 8 Jun 71 - - 
Binder 70 

I /  Application r a t e  was 2% s t a b i l i z e r  and 3% water r e p e l l e n t  i n  2'3 ga - 
3 

so lu t ion  per ydL. 

2 /  5% concentrat ion,  - 
3/ Dripper t e s t s .  200 drops per minute fo r  5 minutes. - 
4 /  Repellency code: 3 - highly r e p e l l e n t ;  2 - surface  wets slowly, - 

high repellency below surface;  1 - surface  wets, f a i r  repel lency 
below sur face ;  0 - no repellency.  
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Table 5 ,  Resul ts  of erosion and water repellency t e s t s  on 1-m 
2 

p l o t s  a t  Granite Reef (continued) . 
TEST DATE 

21 Oct 70 

Water 
Erosion 

No 3 

No 3 

No 3 

No 3 

1000 drops 3 

No 3 

No 3 

Immediately 0 

No 3 

TEST DATE 

26 Jan  71 

Water 
Erosion 

No 1 

No 1 

No 1 

No 1 

No 2 

No 2 

No 1 

Immediately 0 

No a 1 

Immediately 

S l igh t  

No 

No 
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Table 5. Results  of erosion and water repellency t e s t s  on 1-m 
2 

p l o t s  a t  Granite Reef (continued). 

TEST DATE 

26 Mar 71 

Water 
Erosion Repellency 

No 2 

No 2 

No 2 

No 2 

No 2 

No 2 

No 2 

Abandoned 

No 

TEST DATE 

Water 
Erosion Repellency 

No 2 

No 2 

400 drops 2 

700 drops 2 

1000 drops 2 

No 2 

No 2 

Immediately 3 

No 3 

No 3 

No 3 

Abandoned - - 
No 2 

No 2 

No 2 

Annual Report of the U.S. Water Conservation Laboratory



Table 5. Results  of eros ion and water repellency t e s t s  on l-m 
2 

p l o t s  a t  Granite Reef (continued). 

Erosion 

No 

No 

IN0 

No 

No 

No 

No 

- - 
No 

- - 
- - 
No 

No 

No 

800 drops 

No 

TEST DATE 

22 J u l  71 

Water 
Repellency 

2 

2 

TEST DATE 

Water 
Erosion 

0 2 

No 2 

No 2 

No 2 

1000 drops 2 

No 2 

No 2 

Abandoned - - 
No 3 
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Z 
Table 5 ,  Results  of erosion and water repellency t e s t s  on 1-m 

p l o t s  a t  Granite  Reef (continued). 

TEST DATE 

4 Nov 71 

Water 
Erosion Repellency 

4. 1000 drops 2 

2 

6 ,  1000 drops 2 

7, No 2 

TEST DATE 

10 Feb 72 

Erosion 

300 drops 2 
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Table 5. Results  of erosion and water repel lency t e s t s  on 1-m 
2 

p l o t s  a t  Granite Reef (continued), 

TEST DATE 

26 Jun 72 

Water 
Erosion 

No 2 

No 2 

No 2 

500 drops 2 

500 drops 1 
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Table 6. Rainfal l-runoff  r e s u l t s  from 
Reef t e s t i n g  s i t e .  

Uncleaned watershed 

Cleaned watershed 

Smoothed unt rea ted  

Ridge and furrow 

Sodium carbonate 

Water r e p e l l e n t  

Water r e p e l l e n t  
plus s t a b i l i z e r  

Single- phase asphal t  

Concrete 

Roofing 

o-phase asphalt  

Aluminum f o i  1 

Asphalt-f iberglass 

Butyl 

Chlorinated polyethylene 

Polyvinyl f luor ide  

LENGTH 
OF 

STUDY 
(years) 

8 

8 

10 

7 

5 

8 

1 

7 

4 

5 

9 

8 

5 

10 

4 

4 

2 

large p l o t s  a t  Granite 

Annual Report of the U.S. Water Conservation Laboratory



TI'lx.8 ; MODIFYING FURROW TRRIGATION PRACTICES FOR CABBAGE 

PRODUCTION 

CRIS WORK UNIT: SWC-018-gG4 CODE NO.: Ariz,-.WCL 71-13 

INTRODUCTION: 

A valid comparison of different irrigation methods is possible 

only when optimum management criteria for each irrigation method 

has been determined. The objectives of this field investigation 

were (1) to develop criteria for managing a modified-furrow 

irrigation practice on cabbage for increased water-use efficiency 

and improved crop production, and (2) to support a study on trickle 

irrigation, 

RESULTS AND DISCUSSION : 

A field investigation was conducted to evaluate quantity and 

frequency of modified-furrow irrigation practice, using a moderately 

saline water on a fine-textured, clay-loam soil. Modified-furrow 

irrigations consisted of 1,3, 1,05, 0,8, and 0,5 times the consump- 

tive use, as measured for a standard-furrow irrigation practice, 

applied every 6 days, and l,05 times the measured consumptive use 

applied every 12 days, The modified furrow was a small furrow, 

constructed in the center of the cabbage bed to facilitate a 

comparable practice to trickle irrigation where moisture movanent 

is away from the center of the bed. Cabbage production with 

nmdified-furrow irrigation was the same at the 1,3 and 1,05 consump- 

tive-use quantities, whereas yields were decreased 19% and 52%, 

respectively, at the 0.8 and 0,s consumptive-use quantities, There- 

fore, the amount of soil moisture needed by the cabb 

high production with trickle irrigation was approximately the present 

consumptive-use estimate, Frequencies of 6 or 12 days at the 1.05 

modified-furrow quantity caused no difference in production, 

A standard-furrow irrigation was based on plant symptoms early in 

the growing season, and on a 55% soil-moisture depletion criteria in 
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the top 90 cm of s o i l  a f t e r  f u l l  roo t  development, Cabbage 

production with the  standard-furrow i r r i g a t i o n ,  compared t o  the  

highest-yielding treatments fo r  t r i c k l e  and modified-furrow 

i r r i g a t i o n ,  was about the  same; however, the  water del ivery  

requirement was about 20% grea te r  f o r  the  standard-furrow 

i r r i g a t i o n .  Therefore, i r r i g a t i o n  e f f i c iency  can be improved 

by using these  newer i r r i g a t i o n  methods r a t h e r  than conventional 

methods, 

PUBLICATION : 

Bucks, Dale A,, Er ie ,  Leonard J,, and French, Orrin F. 

Quantity and frequency of t r i c k l e  and furrow i r r i g a t i o n  fo r  

e f f i c i e n t  cabbage production. Agronoq Journal ,  (Submitted 

for  publicat ion).  

PERSONNEL: Leonard J, Erie ,  Dale A. Bucks, and Orrin F, French, 
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TITLE : EVALUATING TRICKLE IRRIGATION FOR CABBAGE PRODUCTION 

CRIS WORK UNIT: SWC-018-gG4 CODE NO,: Ariz.-WCL 71-14 

INTRODUCTION: 

Irrigated agriculture, in the future, will demand programs and 

practices of even greater water conservation, One such practice, 

now under development, is trickle irrigation, Possible advantages 

of trickle irrigation over other irrigation methods include increased 

crop yields and decreased water delivery requirements, However, a 

valid comparison of irrigation methods is possible only after the 

optimum management criteria of each method has been established. 

The objective of this field investigation was to develop criteria 

for managing trickle irrigation on cabbage for increased water-use 

efficiency and improved crop production, 

RESULTS AND DISCUSSION: 

A field investigation was conducted to evaluate quantity and 

frequency of trickle irrigation, using a moderately saline water on 

u fine-textured, clay-loam soil, Trickle irrigations consisted of 

1.3, 1,05, 0,8, and 0,5 times the consumptive use, as measured for 

standard-furrow irrigation practice, applied at frequencies of 3, 

6, and 12 days, Cabbage production with trickle irrigation was the 

same when water was applied at 1.3 and 1.05 times the consumptive- 

use requirement, but yields decreased 10% and 43%, respectively, 

when 0,8 and 0,5 times the consumptive-use requirement were applied. 

Therefore, the amount of soil moisture needed by the cabbage plant 

for high production with trickle irrigation was approximately the 

present consumptive-use estimate. Frequency of trickle irrigation 

caused no difference in production between 3, 6, and 12 days at the 

2 , 3  consumptive-use quantity; however, a trend of reduced production 

with increased frequency did result at 1.05, 0.8, and 0.5 consumptive- 

use quantities, amounting to a 9% mean reduction for the 3-day 

compared to the 6-day frequency, and a 13% mean reduction for the 

3-day compared to the 12-day frequency for the three smaller 
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q u a n t i t i e s .  This ind ica tes  t h a t  frequent t r i c k l e  i r r i g a t i o n s  may 

no t  necessar i ly  be advantageous fo r  a l l  vegetable crops on f ine-  

textured s o i l s ,  because of poss ib le  increased evaporation and 

decreased water penet ra t ion  when l e s s  than consumptive use was 

appl l ed ,  

PUBLICATION : 

Bucks, Dale A , ,  Erie ,  Leonard J., and French, Orrin F. 

Quantity and frequency of  t r i c k l e  and furrow i r r i g a t i o n  f o r  

e f f i c i e n t  cabbage production, Agronomy Journal  (Submitted f o r  

publicat ion),  

PERSONNEL: Dale A ,  Bucks, Leonard J. Er ie ,  and Orrin F. French, 
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TITLE : SOIL CLOGGING DURING INTERMITTENT INFILTKATION 

WITH SECONDARY SEWAGE EFFLUENT 

CRIS WORK. UNIT: SWC-018-gG-4 CODE NO.: Ariz.WCL-71-15 

Laboratory studies were continued in the investigation of soil 

clogging when using secondary sewage effluent. (See Annual Report 

1971, section WCL-71-15). The results of this study are presented 

in a paper "Soil clogging during infiltration with secondary 

sewage effluent,'' and are summarized below. 

Physical clogging due to deposition of suspended solids on the 

soil surface was the predominant cause of infiltration reduction. 

Little evidence of surface biological clogging was found. Maintain- 

ing low suspended solids concentration in the sewage water was the 

most important factor in optimizing infiltration, Concentrations 

below 10 mg/l should be maintained. Low solids concentrations can 

usually be obtained by sedimentation. During long periods of 

intermittent inundation, clogging developed below the surface 

because entrapped gases blocked the soil pores. This clogging was 

probably due to microbial activity, High hydraulic gradients should 

be maintained in the soil system even though infiltration rates de- 

creased faster than at low gradients. Drying the clogged layer 

restored infiltration rates. Algal growth on the soil surface in- 

creased infiltration rates during inundation because the algal mat 

became buoyant, thereby freeing the soil surface from clogging 

materials. 

PERSONNEL: Robert C. Rice 

CURRENT TERMINATION DATE: 31 December 197 2 
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TITLE: PREDICTING HYDRAULIC CHARACTERISTICS OF CRITICAL- 

DEPTH FLUMES OF SIMPLE AND COMPLEX CROSS-SECTIONAL 

SHAPES 

CRIS WORK UNIT: SWC-018-g~-4 CODE NO.: Arb.-WCL 72-1 

Summaries of s t u d i e s  on 16 s imple  c r i t i c a l - d e p t h  flumes w i t h  

c r o s s - s e c t i o n a l  shapes  t h a t  were t r a p e z o i d a l ,  t r i a n g u l a r ,  o r  r e c -  

t a n g u l a r  a p p e a r  i n  p rev ious  r e p o r t s  under  r e s e a r c h  o u t l i n e  A r i z . -  

WCL 67-1 ( s e e  Annual Repor t s  f o r  1966-1971). Techn ica l  papers  

measurement w i t h  c r i t i c a l  d e p t h  flumes" (1969) and " C r i t i c a l  

d e p t h  f lumes f o r  de te rmin ing  flow i n  c a n a l s  and n a t u r a l  channe l s"  

(1970) were fol lowed by a  p r e s e n t a t i o n  e n t i t l e d  "Taylor ing c r i t i c a l -  

d e p t h  measuring flumes" b e f o r e  t h e  Ins t rument  S o c i e t y  of America, 

P i t t s b u r g h ,  Pennsylvania ,  May 1971. The f i r s t  paper  p r e s e n t e d  some 

t h e o r e t i c a l  a s p e c t s  f o r  p r e d i c t i n g  t h e  c a l i b r a t i o n  r e s u l t s  f o r  

f lumes and a l s o  summarized t h e  e f f e c t s  of i n s t a l l a t i o n  anomal ies ;  

t h e  second paper  proposed s i z e s  f o r  s e v e r a l  common d i t c h  shapes  

f r e q u e n t l y  c o n s t r u c t e d ;  and t h e  t h i r d  d e s c r i b e d  methods of incorpo-  

r a t i n g  t h e  head- loss  e f f e c t s ,  based on boundary l a y e r  development, 

i n t o  more a c c u r a t e  p r e d i c t i o n  t echn iques .  

It soon became a p p a r e n t  t h a t  t o  c o n t r o l  t h e  head-discharge 

r e l a t i o n  f o r  a s p e c i f i e d  v e l o c i t y  t h a t  may be  needed t o  move sediment  

bedload,  o r  t o  p r o v i d e  a  r e q u i r e d  s e n s i t i v i t y  i n  a  named f low range,  

a  method of computing complex-shaped flumes was needed. The problem 

of bedloads  t h a t  plugged c e r t a i n  f i e l d  i n s t a l l a t i o n s  had prompted 

t h e  concern s i n c e  t h e y  o r i g i n a l l y  were thought  t o  be i n v u l n e r a b l e  

t o  p lugg ing .  

PROCEDURE : 

The mathemat ical  model f o r  flume c a l i b r a t i o n s  was modif ied t o  

a l l o w  t h e  i n t r o d u c t i o n  of more complex shapes  i n t o  t h e  computat ion 

f o r  c r o s s - s e c t i o n a l  a r e a .  Labora to ry  c a l i b r a t i o n s  were made i n  
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t he  usua l  way a s  descr ibed  prev ious ly  (Annual Reports 1969-1971). 

A plywood flume was cons t ruc ted  t h a t  incorporated most 

of the  conceivable  extremes of a  flume. F igure  1 shows t h e  mixed 

geometry of the  c r o s s - s e c t i o n a l  shape of t h e  "complex flume." The 

lower po r t i on  of t he  flume was a  r ec t ang le ,  0.75 f t  deep and 0.45 f t  

wide. Above t h a t  t h e  flume s i d e  wa l l s  were broken s o  t h a t  i n  t he  

approach s e c t i o n  the  s i d e  s lopes  were 5 .1  h o r i z o n t a l  t o  1 v e r t i c a l ,  

then changed t o  1 . 5 : l  a t  a  channel depth of 1 f t .  The main t h r o a t  

s e c t i o n  was 15 f t  long wi th  t h e  same r ec t angu la r  bottom po r t i on  bu t  

s i d e  s lopes  of 3.1:1 and 1:1, r e spec t ive ly ,  a l s o  changing s i d e  

s lopes  a t  channel depths  of 1 f t .  A warped t r a n s i t i o n  s e c t i o n  was 

used between these .  

To t e s t  the  f e a s i b i l i t y  of using a  flume w i t h i n  a  flume, 1-f t- 

long r e s t r i c t i o n s  were placed i n  t he  t r a n s i t i o n  s e c t i o n  t h a t  ac ted  

a s  a  low-flow, r ec t angu la r ,  c r i t i c a l - d e p t h  flume, 0.322 f t  wide. 

The t r a n s i t i o n  length  t o  t h i s  r e s t r i c t i o n  was a l s o  1 f t .  The pres -  

su re  t ap  readings were taken 1 f t  above t h i s  f o r  both t h i s  i n s e r t e d  

r ec t angu la r  flume and the  main flume. A t  s t i l l i n g  w e l l  depths  

g r e a t e r  than about 0.8 f t  deep, c o n t r o l  began t o  s h i f t  from the 

con t r ac t i on  t o  t he  t h r o a t  of t he  main flume, completing t h i s  t r a n s i -  

t i o n  a t  a  dep th  of about 1 .0  f t .  

P i t o t  tube mappings us ing  a  t r a v e r s e  mechanism designed 

o r i g i n a l l y  f o r  use on the  g l a s s - s ided  channel were made i n  the  

approach s e c t i o n  and t h r o a t  s e c t i o n  of one flume f o r  a  s e l e c t e d  

flow r a t e .  

To f u r t h e r  t e s t  t h e  concepts f o r  t he  c r o s s - s e c t i o n a l  shape 

of the  flume, ana lyses  of con t r ac t i ons  t h a t  extend from only one 

s i d e  of t he  cana l  were made. The ana lyses  i nd i ca t ed  t h a t  these  

s i n g l e  con t r ac t i ons  should work a s  we l l  a s  two symmetr ical ly  

placed con t r ac t i ons  and should be less expensive t o  c o n s t r u c t  i n  

an a l r eady  l i n e d  cana l .  Two shapes were considered:  a  s i d e  s i l l  

t h a t  was p a r a l l e l  t o  t h e  cana l  s i d e  s lope ,  and a  s i d e  s i l l  t h a t  
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was v e r t i c a l  a t  t h e  w a t e r  c o n t a c t  f a c e .  Both s t y l e s  cou ld  accommo- 

date a  wide f low range and c a n a l  bottom s l o p e  by changing the  s i l l  

s i z e .  

F a m i l i e s  of such  flumes were computed f o r  a  s l ip - fo rmed  c a n a l  

( 1  t o  1 s i d e  s l o p e s  and 1 - f t  bottom w i d t h ) .  Each flume s i z e  was 

then  checked a g a i n s t  computed d i t c h  f low s o  t h a t  t h e  d i t c h  i n t o  

which t h e  flume shou ld  be p laced  would be  s t e e p  enough t o  avoid  

downstream submergence. 

L a b o r a t o r y  models were t e s t e d  of r e p r e s e n t a t i v e s  from each of 

t h e s e  two f a m i l i e s  of f lumes .  

RESULTS AND DISCUSSION: 

The computed c u r v e s  and t h e  l a b o r a t o r y  r e s u l t s  f o r  t h e  complex 

flume a r e  shown i n  F i g u r e  1. The dashed l i n e s  on t h e  p l o t  i n d i c a t e  

t h e  e x t r a p o l a t i o n  of computer r e s u l t s .  

The r e s u l t s  e x p r e s s e d  a s  a  d i s c h a r g e  c o e f f i c i e n t  ( a  computed 

f low i n c l u d i n g  c a l c u l a t e d  f r i c t i o n  e f f e c t s  d i v i d e d  by t h e  f low of 

an  i d e a l  f r i c t i o n l e s s  f low)  a r e  shown i n  F i g u r e  2 ,  Three  roughness  

h e i g h t s  a r e  p l o t t e d .  The l a b o r a t o r y  d a t a  a r e  p l o t t e d  and g e n e r a l l y  

I'ol 1 ow n comput-ccl roughness somewhat g r c a t e r  than smooth g l a s s .  The 

s u r f a c e  was sanded and c a r e f u l l y  p a i n t e d .  Thus, t h i s  was t h e  

expec ted  roughness  v a l u e .  The t r a n s i t i o n  of c o n t r o l  w a s  a l s o  

expec ted  and i n d i c a t e s  t h a t  a  combinat ion flume of t h i s  n a t u r e  

would be i m p r a c t i c a l  f o r  s e v e r a l  r e a s o n s ,  from b e i n g  a  t r a p  f o r  

s m a l l  b o u l d e r s  a t  t h e  s m a l l  c o n t r a c t i o n  t o  having no unique r a t i n g  

i n  what would p robab ly  be an  impor tan t  f low range .  

The v e r y  g r o t e s q u e n e s s  of  t h e  f lume demons t ra ted  s e v e r a l  impor- 

t a n t  p o i n t s :  

1 )  Flumes of n e a r l y  any geomet r i c  shape  can be computer 

r a t e d  . 
2) The c o n j e c t u r e  concern ing  t h e  e s t i m a t e s  f o r  Q must be 

3 
r e a s o n a b l y  a c c u r a t e  s i n c e  t h e  t o t a l  f low p r e d i c t i o n  was 

s a t i s f a c t o r y  t o  w i t h i n  2 3% on t h i s  extreme example. 
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F u r t h e r  a t t e m p t s  t o  e v a l u a t e  a and a d i r e c t l y  i n  t h e  flume 3 1 
were made. P i t o t  t r a v e r s e s  mapped t h e  v e l o c i t y  f i e l d  a t  a  p o i n t  

neur  t h e  c e n t e r  of t h e  15-fL-long t h r o a t  ( f o r  w ) and a t  t h e  p r e s -  
3 

s u r e  t a p  l o c a t i o n  i n  t h e  approach s e c t i o n  ( f o r  a ).  The v e l o c i t y  
1 

d i s t r i b u t i o n  f o r  one f low i s  shown i n  F i g u r e  3 .  The g r a p h i c a l l y  

determined v a l u e  f o r  a was 1 - 0 8  compared t o  t h e  computer e s t i m a t e  
3  

of 1 ,063.  Th is  is  cons idered  t o  be s a t i s f a c t o r y  j u s t i f i c a t i o n  f o r  

cont inued usage of t h e  p r e s e n t  computat ion method f o r  a e s p e c i a l l y  3 " 
s i n c e  d i s c h a r g e  r a t e  is a f f e c t e d  i n v e r s e l y  a s  t h e  s q u a r e  r o o t  of 

a 3 ' 
The r e s u l t s  f o r  a measured 1.07, compared t o  t h e  f i x e d  average  

1 
open channel  v a l u e  of 1.04 used i n  t h e  computat ion.  I n  r e t r o s p e c t ,  

t h e  extreme n a t u r e  of t h e  c r o s s - s e c t i o n a l  shape shou ld  have i n d i -  

c a t e d  an txl v a l u e  g r e a t e r  than 1.04, s o  t h e  v a l u e  of 1 .07 could  have 

been a n t i c i p a t e d .  The i n f l u e n c e  of a is smal l ,  and l a r g e  e r r o r s  
1 

i n  i t s  s e l e c t i o n  on t h e  o r d e r  of 10% can be t o l e r a t e d  i n  most 

i n s  t a n c e s  , 

The one-s ided flumes proved i n t e r e s t i n g .  Some q u e s t i o n s  came 

t o  mind about  t h e  p roper  l e n g t h  of t h r o a t  t o  u s e  s i n c e  t h i s  v a l u e  

i s  needed i n  t h e  boundary l a y e r  development computat ion.  On one 

s i d e ,  t h e  s i l l  s i d e ,  t h e  t h r o a t  l e n g t h  is  obv ious .  On t h e  u n a f f e c t e d  

d i t c h  s i d e ,  however, where is  t h e  o r i g i n  of t h e  boundary l a y e r  

development? I n  t h e  absence of a  " t r i p p i n g "  mechanism f o r  t h e  

boundary l a y e r  such  a s  a  seam i n  t h e  c o n c r e t e  w a l l ,  e t c . ,  a  s h i f t  

i n  c a l i b r a t i o n  w i t h  a  d i s c h a r g e  s l i g h t l y  g r e a t e r  t h a n  p r e d i c t e d  

could  r e s u l t .  S i n c e  t h e r e  i s  no d e f i n e d  t r a n s i t i o n  o r  converg ing  

s e c t i o n  l e n g t h  on one s i d e ,  t h e  energy l o s s e s  would be reduced.  

Examination of t h e  l a b o r a t o r y  d a t a  i n d i c a t e d  t h a t  u s i n g  t h e  

average  l e n g t h  f o r  L 
1.' L29 

and L worked w e l l .  Average l e n g t h  h e r e  
3 

needs  some e x p l a n a t i o n ,  The l e n g t h  L1 i s  t h e  d i s t a n c e  of t h e  

s t i l l i n g - w e l l  t a p  from t h e  n e x t  downstream d i s t u r b a n c e ,  u s u a l l y  t h e  

converging s e c t i o n .  Thus L1 (average)  = (L1 + 0 ) / 2 .  Likewise  t h e  

Annual Report of the U.S. Water Conservation Laboratory



t r a n s i t i o n  length  on one s i d e  is  zero ,  g iv ing  (L2 4- 0)/2; and t h e  

t h r o a t  l eng th  taken a s  t h e  average of t h e  s i l l  l eng th  on one s i d e  

and t h e  t h r o a t  l ength ,  p lu s  t h e  added d i s t a n c e  t o  the  s t i l l i n g  we l l  

tap,  made up the  f i n a l  l ength .  

The t r a n s i t i o n  must be long enough t o  avoid d r a s t i c  shock 

waves. Sho r t e r  t r a n s i t i o n s  can be used, i f  p rope r ly  curved t o  

avoid forming t h e  shock wave, t o  sho r t en  t he  o v e r a l l  flume length .  

The 3 : l  ( o r  more) convergence r a t i o  used from ent rance  t o  t h r o a t  

s e c t i o n  on the o t h e r  flumes appeared t o  be adequate.  The depth  

d e t e c t i o n  should be on the  unaf fec ted  s i d e  of t he se  flumes a t ,  say, 

0 .5  t o  1 f t  be fo re  beginning the  t r a n s i t i o n  s e c t i o n .  The exac t  

l o c a t i o n  is  not  important s i n c e  the computer program uses  t he  

measured l o c a t i o n  a s  p a r t  of t he  c a l i b r a t i o n  computation. Accuracy 

i s  comparable t o  symmetrical flumes i n  a l l  a s p e c t s .  

SUMNARY AND CONCLUSIONS : 

Previous s t u d i e s  completed on c r i t i c a l - f l o w  flumes f o r  flow 

meter ing i n  open channels have r e s u l t e d  i n  the succes s fu l  p red ic -  

t i o n  of hydrau l ic  c h a r a c t e r i s t i c s  f o r  s imple geometry types of flumes 

t h a t  a r e  r ec t angu la r ,  t r i a n g u l a r ,  o r  t r apezo ida l  i n  c r o s s - s e c t i o n a l  

shape. F i e l d  experience d i s c lo sed  s i l t a t i o n  problems i n  connect ion 

wi th  some flume i n s t a l l a t i o n s .  

Complex-shaped flumes were then developed t o  provide c o n t r o l  

of t he  head-discharge r e l a t i o n  Tor a  s p e c i f i e d  v e l o c i t y  t h a t  may be 

needed t o  move sediment bedload, o r  t o  provide a requi red  s e n s i t i v i t y  

i n  a  p a r t i c u l a r  flow range.  These complex shapes may be almost any 

c ros s - sec t ion  whose a r e a  can be mathematical ly  represen ted  f o r  com- 

pu te r  s o l u t i o n ,  It need n o t  even be symmetrical wi th  t he  cana l  

c e n t e r l i n e .  

P i t o t  tube mappings of t he  v e l o c i t y  d i s t r i b u t i o n  were made i n  

a  r a t h e r  extreme complex flume, a  r ec t angu la r  bottom po r t i on  t h a t  

expanded i n t o  a  t r a p e z o i d a l  po r t i on  a t  deeper  flows and f i n a l l y  i n t o  

another  shape a t  y e t  deeper  f lows.  The r e s u l t i n g  hydraul ic  
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parameters v e r i f i e d  by t h i s  d i r e c t  measurement supported t he  com- 

pu te r  model a s  being s u f f i c i e n t l y  r e f ined  t o  s u c c e s s f u l l y  p r e d i c t  

f low c h a r a c t e r i s t i c s  of a l l  flume shapes.  

Flume s i l l s  t h a t  can be i n s e r t e d  on one s i d e ,  only,  of s l i p -  

formed conc re t e  d i t c h e s  t o  produce low-cost flumes were computed, 

t e s t ed ,  and found t o  be a s  accu ra t e  a s  t h e  more convent ional ,  

symmetrical two-contract ion s t y l e s .  

PERSONNEL : and C. G. H ie se l  

C 
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TITLE : SEDIMENT TRANSPORT CWA TERISTICS OF CRITICAL- 

DEPTH FLUMES 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO. : Ariz .-WCL 72-2 

ImmIIUCTION : 

Most of t h e  inves t iga t ions  concerning flumes were reported i n  

pas t  years  under research o u t l i n e s  Ariz,-WCL 67-1, and under 

another o u t l i n e  f o r  the  current  year ,  WCL 72-1. The l a t t e r  out- 

l i n e  concerned the  computer and mathematical manipulations necessary 

t o  provide the  too l s  f o r  designing flumes of such shape t h a t  they 

might meet t h e  sediment-carrying c r i t e r i a  t h a t  could hopefully b e  

developed. Cer ta in  f i e l d - i n s t a l l e d  flumes had become plugged wi th  

sediment and prompted t h i s  inves t iga t ion ,  s i n c e  they were o r i g i n a l l y  

thought t o  b e  invulnerable t o  plugging. 

PROCEDURE : 

An attempt a t  l i t e r a t u r e  review on sediment t r anspor t  indica ted  

the  problem would b e  extremely d i f f i c u l t .  A t  a meeting i n  Oxford, 

Miss iss ippi ,  May 1972, some of the  things brought ou t  as necessary 

ters before  design c r i t e r i a  f o r  sediment-free flumes could b e  

formulated were: a )  p a r t i c l e  s i z e ,  b) concentrat ion of p a r t i c l e s  

i n  the  flow, c )  ve loc i ty  of the  flow, and (d) the  d ischar  

though t h i s  is i n t e r r e l a t e d  t o  the  o thers .  

Field s i te  experience var ied;  some flumes remained clean,  some 

s i l t e d  up with sediment. Therefore, the  various reasons f o r  t h e i r  

successes and f a i l u r e s  were studied.  Photographic records of  t h e  

channels over the  years  provided one means of assess ing  the channel 

changes imposed by t h e  flumes . 
Unfortunately, no daylight  flows of storms have been observed 

during t h e  h i s t o r y  of i n s t a l l a t i o n ,  and the  much des i red  photo- 

graphic record of storm flow has not  been obtained. 

Ef fo r t s  have concentrated on studying the  poss ib le  e f f e c t s  

of the  above-mentioned parameters, and on t h e  add i t iona l  problems 

of sediment movement regimes where dunes a r e  formed ins tead  of f l a t  

Annual Report of the U.S. Water Conservation Laboratory



bed flows o r  i f  much of t h i s  information could b e  bypassed wi th  

proper  h y d r a u l i c  design information.  

RESULTS AND DISCUSSION : 

Seve ra l  of t h e  long-establ ished f i e l d  i n s t a l l a t i o n s  were aga in  

observed from t h e  a spec t  of sediment-carrying a b i l i t y ,  

F i e l d  i n s t a l l a t i o n s :  

Tucson A .  This  flume is  pass ing  a sand bedload s a t i s f a c t o r i l y .  

o major problems. 

Tucson H. The extremely small bedload and s t a b l e  channel 

o f f e r  no problems. The flume has been overtopped, exceeding i t s  

470 c f s  des ign  l i m i t .  

Tucson R. Problems e x i s t  due t o  heavy sand and g rave l  load 

moving i n t o  t h e  s t ream. O r i g i n a l l y ,  t h e  channel  grade was s t a b l e  

and apparent ly  i n  equi l ibr ium wi th  an imposed long-term (> 30 

years )  of o i l  washings from a r a i l r o a d  roundhouse. The channel 

was g rease  paved t o  a cons iderable  e x t e n t  above t h e  flume. A con- 

t inuous t r i c k l e  flow passed through t h e  flume the  year  around and 

eventua l ly  i n f i l t r a t e d  f u r t h e r  downstream. The t r a i n  washing 

ope ra t ion  t h a t  suppl ied  t h e  g rease  and o i l  was suspended sometime 

i n  1971. The channel w a l l s  then  appeared t o  c o l l a p s e  i n  response 

t o  t h e  change i n  a long-establ ished p r a c t i c e  and t h e  channel now 

has a con t inua l  bedload of sand and grave1 t h a t  is  about 1 f t  deep 

above, through, and below the  flume, render ing  i t  u s e l e s s .  I t  has  

been suggested t h a t  t h e  sand load  i s  temporary, and t h a t  i n  a few 

seasons t h e  channel w i l l  aga in  f i n d  equi l ibr ium and t h e  flume may 

aga in  func t ion  proper ly .  

K-3B. This  flume near Tombstone, Arizona, was pa t te rned  a f t e r  - 
one designed t o  b e  i n s t a l l e d  i n  t h e  r e l a t i v e l y  c l e a r  flows of 

i r r i g a t i o n  cana l s .  It was i n s t a l l e d  i n  a heavi ly  sediment-laden 

channel.  I t  almost immediately plugged w i t h  bedload g rave l s .  

Remedial a t tempts  t o  i nc rease  t h e  flume v e l o c i t i e s  a l s o  were no t  

adequate.  The shape of t h e  supplying stream and t h e  shape of t he  
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flume a r e  such t h a t  t h e  sediment-carrying capac i ty  of t h e  s t ream 

was g r e a t e r  than  t h e  flume, thus t h e  flume ac ted  a s  a sediment 

t r a p .  Subsequent a n a l y s i s  i nd ica t ed  t h a t  t he  flume should have 

been near ly  r ec t angu la r  i n  shape, narrower than t h e  channel,  and 

i n s t a l l e d  s o  t h a t  t he  flow i n  t h e  flume was deeper than t h e  flow 

i n  t h e  approach channel.  None of t hese  c r i t e r i a  were met, The 

s i t e  is  s u i t a b l e  f o r  r e i n s t a l l i n g  a poss ib l e  cor rec ted  flume. The 

cos t  may be  p r o h i b i t i v e .  

Hawaii, Modified. To c l e a r  bedload sediments,  a r a i s ed  

approach s e c t i o n  was designed f o r  s e v e r a l  flumes. This  r ep re sen t s  

a s i g n i f i c a n t  depa r tu re  from p a s t  flume p r a c t i c e  which normally 

used a s i l l  i n  t h e  t h r o a t  s e c t i o n .  The r e s u l t  is a l e v e l  approach 

s e c t i o n ,  a s l o p i n g  converging s e c t i o n  i n  t h e  d i r e c t i o n  of flow, 

and a l e v e l  t h r o a t  s e c t i o n .  The e f f e c t  is  t o  i n c r e a s e  the  Froude 

Number a t  low flows, and thus  i n c r e a s e  t h e  bedload movement capa- 

b i l i t i e s  i n  order  t o  f l u s h  o u t  t h e  flume. A t  some s e l e c t e d  low- 

flow depth the  flow i n  the  approach s e c t i o n  goes c r i t i c a l  and flow 

measurement c a p a b i l i t y  is  l o s t ,  b u t  t h i s  should provide the  f l u s h i n g  

a c t i o n  d e s i r e d .  Figure 1 ind ica t ed  the  s h i f t  i n  v e l o c i t y  and 

Froude Number provided by t h e  changed flume shape. 

Laboratory checks and l imi t ed  f i e l d  exposure i n d i c a t e  t h a t  t h e  

design i s  s a t i s f a c t o r y .  The flume s i d e  s lopes  a r e  so  f l a t  t h a t  t h e  

abrupt  en t rance  and s h o r t  en t rance  length  compared t o  t h e  flow 

width gives some observable backflow near t he  edges. This  should 

inc rease  the  va lue  f o r  a t o  an  est imated 1.2. This  va lue  used i n  1 
computer a n a l y s i s  matches t h e  laboratory-measured flow c l o s e l y .  

Again, i t  should b e  pointed out  t h a t  t h e  c a l i b r a t i o n  is  r a t h e r  

i n s e n s i t i v e  t o  a and bold choices  between 1.04 and 1.20 can be 1 
read i ly  made by simply observing the  flume i n  opera t ion .  I f  back- 

flow is  obvious along t h e  edges, use  a = 1.20. 1 
The s t i l l i n g - w e l l  i n t a k e  was modified t o  con£ orm t o  t h e  

method used by D r .  Smith of t h e  Watershed Hydrology Lab on K-3B, 
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which was adapted by t h e  Univers i ty  of Arizona f o r  t h e  t h r e e  Tucson 

flumes . These systems used a s l o t t e d  p l a t e  over a box wi th  a p ipe  

connecting from t h e  box t o  t he  s t i l l i n g  w e l l  s o  t h a t  sediment 

tended t o  be  t rapped i n  t he  box. An elbow w a s  placed on t h e  box 

end of t h e  p ipe .  I t  was turned downward t o  f u r t h e r  discourage 

en t ry  of sediment.  The s l o t s  i n  t h e  flume s i d e  of t he  box were 

c u t  i n  a d i r e c t i o n  e i t h e r  p a r a l l e l  t o  t h e  flow o r  perpendicular  

t o  i t .  The c o r r e c t  d i r e c t i o n  is e l u s i v e .  On the  one hand, perpen- 

d i c u l a r  s l o t s  i n  t h e  f l o o r  tend t o  t r a p  a l l  bedload c ros s ing  t h e  

s l o t  f i e l d ;  b u t  t h e  s l o t ,  i f  made i n  t h i c k  enough m a t e r i a l  t o  al low 

t h e  depth  t o  exceed two t i m e s  t h e  width, should g ive  an accu ra t e  

p re s su re  response,  based on piezometer tap  experience.  On the  o t h e r  

hand, p a r a l l e l  s l o t s  would tend t o  l i m i t  t h e i r  sediment c o l l e c t i o n  

a c t i v i t i e s  t o  about t h e  sum of t h e  s l o t  widths,  bu t  may n o t  respond 

wi th  accu ra t e  pressure  readings s i n c e  t h e  s l o t  l ength  i n  t h e  flow 

d i r e c t i o n  would b e  s e v e r a l  t imes the  m a t e r i a l  th ickness .  Unable 

t o  r ead i ly  s e l e c t  between these  a l t e r n a t i v e s ,  we compromised and 

made 95 ho le s ,  3116-inch diameter ,  i n  quarter- inch p l a t e  placed i n  

a f i e l d  approximately 8 inches up t h e  s i d e  of t h e  flume and about  

1-1/2 inches wide. One and one-half inch  p l a s t i c  p ipe  connected 

t h e  sediment box (approximately 1 3  inches wide, 8 inches deep, 

12 inches  long) t o  t h e  s t i l l i n g  w e l l .  To avoid a i r - lock ,  a 1/4-inch 

ho le  was d r i l l e d  through t h e  top of t h e  elbow. The ho le  was d r i l l e d  

ho r i zon ta l ly  s o  t h a t  sediment could no t  f a l l  d i r e c t l y  i n t o  i t .  

DXSCUSSION OF PROPOSED SOLUTIONS: 

Sediment Transpor t  Through Flumes. The channel r e s i s t i n g  

f o r c e  t o  a flowing f l u i d  may b e  explained by p r i n c i p l e s  of f l u i d  

dynamics. The channel can b e  conceived a s  a f l a t  p l a t e  warped 

i n t o  u cy l inde r  but  unclosed on one s i d e ,  which corresponds t o  t h e  

f r e e  s u r f a c e  of t h e  open-channel. A f l u i d  flowing i n  t h e  unclosed 

cy l inde r  w i l l  c r e a t e  a drag f o r c e  on t h e  i n s i d e  s u r f a c e .  This  

f o r c e  is s i m i l a r  t o  t h e  drag  c rea t ed  by a flow along t h e  two s i d e s  
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of a f l a t  p l a t e  whose s u r f a c e s  o f f e r  r e s i s t a n c e  t o  t h e  f low.  The 

r e s i s t a n c e  of one s i d e  of such a p l a t e  of a r e a  A  is  e q u a l  t o  
2 

C 0 V A / 2 ,  where C is t h e  c o e f f i c i e n t  of d rag  and i s  t h e  mass 
d d 

densi.ty of t h e  f l u i d ,  and V i s  t h e  f l u i d  v e l o c i t y .  The r e s i s t a n c e  

o r  t r a c t i v e  f o r c e  p e r  u n i t  a r e a ,  A ,  would thus  b e  
0 

S i n c e  t h e  Froude Number i s  d e f i n e d  a s  

where D i s  t h e  h y d r a u l i c  d e p t h ,  then  

i4ow, l o o k i n g  a t  a bedload sediment  p a r t i c l e  on a l e v e l  s u r f a c e ,  t h e  

u n i t  t r a c t i v e  

(Open Channel 

f o r c e  f o r  impending motion T given  by Ven Te Chow 
L 

H y d r a u l i c s ,  1959, page 171) is  

W 
S .r = - t a n  (I$,) 

L a 

where W = submerged weight  o f  p a r t i c l e  
s 

a = e f f e c t i v e  p a r t i c l e  a r e a  

\ = r e p o s e  a n g l e  of p a r t i c l e s  

The t r a c t i v e  f o r c e  T must exceed T i n  a flume t o  avoid  depos i -  
0 L 

t i o n  i n  t h e  flume. S i n c e  i n  g e n e r a l  n o t  much can b e  known about  

t h e  bedload of a stream excep t  t h a t  i t  w i l l  b e  q u i t e  v a r i a b l e ,  

r e c o u r s e  t o  s i m p l i f i c a t i o n s  a r e  n e c e s s a r y .  

W s ,  a ,  and % would remain e s s e n t i a l l y  t h e  same f o r  b o t h  a 

p a r t i c u l a r  stream and a flume i n s t a l l e d  i n  i t .  The f a c t o r s  F, D ,  
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and perhaps C can b e  d i f f e r e n t .  Thus, i t  would appear t h a t  simply d 
r equ i r ing  T o( f lume) > To(channel) 

o r  

where t h e  s u b s c r i p t s  f and c r e f e r  t o  t h e  flume and channel,  

r e spec t ive ly ,  o r  q u i t e  expectedly 

and l i kewise ,  s i n c e  To  = yRS 

How much more t h e s e  r e l a t i o n s  f o r  t h e  flume s h  

f o r  t he  channel has not  been determined. 

What is des i r ed  i s  t h a t  t h e  bedload moves 

ould exceed those 

down the  channel a t  

some r a t e  l e s s  than the  a b i l i t y  of t h e  flume t o  handle  i t .  Thus, 

t he  depth of sediment i n  the  flume w i l l  b e  less than t h e  depths i n  

t h e  s t ream, o r  e l s e  some tu rbu len t  a c t i o n  w i l l  suspend most of t h e  

ma te r i a l  long enough t o  c l e a r  t h e  flume and then  allow i t  t o  resume 

i t s  normal channel  a c t i v i t y  beyond t h e  flume. The l e a s t  t h a t  can 

be des i r ed  i s  t h a t  t h e  flow regime i n  t h e  flume i s  such t h a t  f l a t  

bed movement predominates r a t h e r  than dune movement. 

Methods t o  Achieve Clear ing  of Flumes. Severa l  methods a r e  

being i n v e s t i g a t e d  f o r  causing o r  maintaining c l e a r  flumes. 

1, Cross-sec t iona l  shape t a i l o r i n g :  This method c o n s i s t s  of 

making t h e  flume narrow and deep compared t o  t h e  channel.  This  

makes R l a r g e r  than  R w i t h i n  c e r t a i n  limits, To match a p a r t i c -  
f C 

u l a r  s t ream, complex flume shapes a r e  o f t e n  requi red .  F igure  2 is 

an example of t h i s  approach. 
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2 .  Energy g r a d i e n t  t a i l o r i n g :  S teepen ing  t h e  energy g r a d i e n t  

through t h e  flume s o  t h a t  S i s  g r e a t e r  than S is  p o s s i b l e  on a 
f  C 

l i m i t e d  b a s i s .  To r e t a i n  compute r -ca l ib ra t ion  a b i l i t y  t h e  f lumes 

would have t o  absorb  t h e  s l o p e ,  S f ,  i n  t h e  t r a n s i t i o n  s e c t i o n ,  

l e a v i n g  t h e  approach and c r i t i c a l  s e c t i o n s  l e v e l ;  hence,  t h e  con- 

c e p t  o f  a " n e g a t i v e  s i l l "  h e i g h t ,  d i s c u s s e d  e a r l i e r .  S i n c e  low 

flow r a t e s  tend t o  become s u p e r c r i t i c a l  and thus  n o t  measured, t h e  

low flow range o f  t h i s  method may b e  a l i m i t a t i o n  i n  some a p p l i c a -  

t i o n s  . 
3 .  Turbulence:  Another form of  energy g r a d i e n t  t a i l o r i n g  i s  

achieved by p l a c i n g  a dropbox above t h e  flume. Th is  shou ld  b r e a k  

up t h e  dunes by mete r ing  t h e  bedload over  t h e  s i l l  of t h e  dropbox, 

and t h e  r e s u l t i n g  t u r b u l e n c e  g e n e r a t e d  w i l l  b e  s t r o n g  enough t o  

a s s i s t  movement of t h e  sed iment  through t h e  flume a s  mostly a sus -  

pended l o a d .  An a l t e r n a t e  t o  t h i s  is  t o  s t e e p e n  S i n  t h e  beg inn ing  
f  

s e c t i o n s  o f  t h e  flume w i t h  roughness  e lements .  T h i s  s h o u l d  tend t o  

p r e v e n t  dune fo rmat ion .  

A l l  of t h e s e  methods may b e  a p p l i c a b l e  t o  a problem s i t e .  

C r i t e r i a  f o r  i d e n t i f y i n g  t h e  s e v e r i t y  of t h e  problems a t  p o t e n t i a l  

flume s i t e s  a r e  be ing  s t u d i e d .  

SUFlMARY AND CONCLUSIONS : 

Sediment movement through flumes is c o n t i n u i n g  t o  b e  s t u d i e d  . 
Three g e n e r a l  approaches  a r e  a p p a r e n t  from a n a l y s i s :  ( a )  keep t h e  

h y d r a u l i c  r a d i u s  of t h e  flume g r e a t e r  than  t h a t  of t h e  channel ;  

(13) make tlle energy s l o p e  tllrough t h e  flume g r e a t e r  than  t h a t  of 

t h e  channe i ;  ( c )  induce  a d d i t i o n a l  t u r b u l e n c e  i n t o  t h e  f low w i t h  a 

dropbox e n t r a n c e  t o  t h e  flume. E f f o r t s  w i l l  c o n c e n t r a t e  on determin-  

i n g  a more q u a n t i t a t i v e  r e l a t i o n  f o r  t h e s e  t h r e e  approaches ,  and t o  

examining t h e  requ-Lrements f o r  avo id ing  dune fo rmat ion  through t h e  

f lumes . 
PERSONNEL: ---- John A .  Replogle ,  K e i t h  R .  CooLey, and  Gary W .  F r a s i e r  
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SWELLING AND SHRINKING OF SOIL -- IN SITU AS 

DETERMINED BY A DUAL ENERGY G 

TRANSMISS ION TECHNIQUE 

K UNIT: SWC-018-gG4 CODE NO,: Ari.2.-WCL-72-4 

The ob jec t ive  of t h i s  study was t o  develop equipment and 

procedures t o  measure the  r a t e ,  magnitude, and depth of swell ing 

and shrinking of a  s o i l  pedon, and t o  follow changes i n  bulk 

densi ty i n  1-cm s o i l  layers  following i r r i g a t i o n .  Calculat ion of 

soi l-water  f lux  under f i e l d  conditions r equ i res  information on 

the  r a t e  of change of volumetric water content with time, This 

water content i s  usually obtained from measured gravimetric  water 

content mul t ip l ied  by an average bulk dens i ty  fo r  the  s o i l  depth 

under considerat ion.  An assumption i n  t h i s  ca lcu la t ion  i s  t h a t  

bulk dens i ty  i s  constant over the  measurement period,  The only 

nondestructive, accurate method of measuring bulk dens i ty  i n  s i t u  

involves the  use of two gamma-ray energy sources. 

Bulk dens i ty  changes of 1-cm depth increments i n  the  surface  

10-cm of a  s o i l  pedon were used t o  charac ter ize  the  swell-shrink 

proper t ies  of the  subjec t  s o i l .  These changes were measured wi th  

a dual energy gamma-ray transmission technique. Results  of t h i s  

study have demonstrated t h a t  the two gamma-ray sources cannot be 

used simultaneously but r a t h e r  separa te ly ,  when the  sources and 

detec tor  a r e  not collimated. The separa t ion  of sources was 

necessary- because the  backscat tered 137~s  photons could not be 

separated from the  lower energy unattenuated 241~m photons i n  

the  soi l-water  system. 

In the  f i e l d ,  dens i ty  changes were very rapid,  dropping from 
- 3 

1,33 t o  0,75 g cm i n  the  1- t o  2-cm layer  about 30 minutes 

a f t e r  water was applied t o  the s o i l  sur face ,  The s o i l  sur face  

elevation,  monitored wi th  a l i n e a r  va r i ab le  d i f f e r e n t i a l  t r ans -  

former transducer, a l s o  showed a r ap id  change i n  height  a f t e r  the  

water addi t ion  (4- 0.6 mm 10 minutes a f t e r  the  four th  i r r i g a t i o n ) .  
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Short ly a f t e r  the  water disappeared from the s o i l  surface,  

the  bulk d e n s i t i e s  returned t o  nearly the  p r e - i r r i g a t i o n  values 

for  the  various 1-cm th ick  s o i l  l aye r s .  Swelling and shrinking 

occurred t o  a depth of 4 t o  6 cm even a f t e r  four i r r i g a t i o n s ,  

Repeated i r r i g a t i o n s  (wet-dry cycles)  decreased the  magnitude 

of dens i ty  changes, but  the  changes s t i l l  occurred as  rapid ly  

and as deeply as  they had i n  e a r l i e r  i r r i g a t i o n s .  

These f indings support the common prac t i ce  of using a measured 

bulk densi ty p r o f i l e  t o  convert gravimetr ica l ly  determined s o i l -  

water contents  t o  a volumetric bas is .  Previously, workers had t o  

assume t h a t ,  even i n  moderate swelling s o i l s ,  bulk dens i ty  did not 

change appreciably wi th  time even over a wide water content range. 

These da ta  confirm t h a t  point fo r  Adelanto loam, Also, f o r  t h i s  s o i l ,  

swelling and shrinking took place i n  the top 6 cm, a small par t  

of the s o i l  wi th  respect  t o  the  t o t a l  depth ava i l ab le  f o r  water 

use by most economic crops, but extremely s i g n i f i c a n t  i n  terms of 

describing the evaporation near the  s o i l  su r face ,  

The r e s u l t s  a l s o  demonstrate t h a t  a s i n g l e  energy gamma-ray 

source can be used t o  monitor water content changes i n  the  upper 

pa r t  of the  Adelanto loam s o i l  pedon once i r r i g a t i o n  water has 

subsided. The simultaneous use of two gamma-ray energy sources 

i s  not necessary t o  follow these  water content changes, and as  a 

consequence, instrumentat ion and procedures a r e  g rea t ly  s impl i f ied .  

Deta i l s  of t h i s  r epor t  a r e  presented i n  a manuscript i n  

preparat ion t i t l e d ,  "Swelling and shrinking of a s o i l  pedon," 

PERSONNEL : Robert J. Reginato 

CURREW TERMINATION DATE: January 1974 
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GRAVEL BED COOLERS FOR 

IT:  SWC-018-gG-4 

h i s  p r o j e c t  was i n i t i a t e d  dur ing  t h e  p a s t  yea 

t e s t ,  and eva lua t e  evaporat ive coo le r s  made from g rave l  beds f o r  

t he  cool ing  of s ea l ed  greenhouses. 

t i s  we l l  known from greenhouse s t u d i e s  that CO f e r t i -  2 
Eiza t ion  can s u b s t a n t i a l l y  i nc rease  t h e  y i e l d s  of almost a l l  

ever ,  t h e  e f f e c t i v e n e s s  of CQ2 f e r t i l i z a t i o n  of 

houses has been l imi t ed  a t  high l i g h t  i n t e n s i t i e s ,  (when C02 

f e r t i l i z a t i o n  should be most e f f e c t i v e )  because growers have had 

t o  v e n t i l a t e  t h e i r  greenhouses t o  lower t h e  i n s i d e  temperaturep 

and much CO has been l o s t .  Ef, however, a means can be de- 2 
veloped t o  c o n t r o l  economically t h e  temperature of a greenhouse 

under h igh  l i g h t  condi t ions  without  r e s o r t i n g  t o  any f o  

v e n t i l a t i o n ,  growers could p r a c t i c e  CO f e r t i l i z a t i o n  more advan- 2 
tageously,  and y i e l d s  of greenhouse crops per  u n i t  of a rea ,  labor ,  

and water could be increased.  

Prel iminary c a l c u l a t i o n s  have ind ica t ed  t h e  f e a s i b i l i t y  of 

ng a s ea l ed  greenhouse us ing  t h e  t h e  

i s t i c s  of evapora t ive ly  cooled g rave l  beds, 

d a t e  has been l imi t ed  t o  assembling t h e  l abo ra to ry  appara tus  

necessary t o  make measurements of hea t  capac i ty  and h e a t  t r a n s f e r  

c o e f f i c i e n t s  under var ious  flow condi t ions  f o r  commercial grades 

of grave l .  When t h e s e  l abo ra to ry  measurements a r e  completedo 

more r e f i n e d  des ign  c a l c u l a t i o n s  w i l l  be  made, and i t  i s  a n t i c i -  

pated t h a t  a prototype,  gravel-bed-cooled greenhouse w i l l  be 

b u i l t ,  

B. A. Kimball 

WINATION DAm: June 1976 
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TITLE : METEOROLOGICAL FACTORS AFFECTING EVAPORATION FROM 

BARE SOIL AND CROP SURFACES 

CRIS WORK UNIT: SWC-018-gG-4 CODE NO.: Ariz.-WCL-72-6 

The indication from last year's work that atmospheric dust may 

tend to warm the earth via an enhanced "greenhouse effect" rather 

than cool it due to increased solar radiation reflection was 

followed up by two additional studies of dust effects. Previous 

hypotheses were confirmed by a more ideal set of post-duststorm 

measurement conditions and by a climatological assessment of 

summer and winter aerosol distribution and radiation differences. 

In addition, the scope and mechanics of the great duststorms that 

often occur in the Arizona deserts were delineated in a third study. 

More details on each of these aspects of this year's work are given 

below. 

Idso, S. B .  Thermal radiation from a tropospheric dust 

suspension. Nature. (In press). 

Measurements of the thermal radiation from cloudless skies in 

July and August of this year showed that the fine residue from a 

decaying dust storm one evening caused the atmosphere to radiate as 

a blackbody on the following day, as compared to the normal effi- 

ciency at this time of year of about 0.955. It was shown that this 

effect could conceivably overpower the cooling effect of dust, due 

to its increased reflectance of solar radiation, and thereby warm 

the earth. 

Xdso, S. B. Water vapor and aerosol effects upon thermal 

radiation from cloudless skies, Quart. J. Roy. Meteorol. Soc. 

(Submitted for publication). 

Results of intensive measurements of clear sky atmospheric 

thermal radiation were presented for summer and winter conditions 

at Phoenix, Arizona. Large deviations were found between the mid- 

afternoon measured values in summer and the results of calculations 
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with the Swinbank and Idso-Jackson equations. It was shown that 

this discrepancy was caused by a breakdown in the correlation 

between surface air temperature and vapor pressure brought  bout by 
11 

locally strong convective mixing, whereby only a Brunt- or Angstrom- 

type equation incorporating surface vapor pressure in addition to 

air temperature could realistically predict the atmospheric radia- 

t ion. 

An anomaly was also noted between the relative magnitudes of 

the winter and summer radiation fluxes that was explainable in terms 

of a large vertical redistribution of the mean atmospheric aerosol 

concentration with season. The existence of this redistribution 

was verified and the causative mechanism presented. It was then 

shown that this phenomenon could create an enhanced atmospheric 

"greenhouse effect" at the earth's surface without any loss of 

solar radiation to the earth-atmosphere system. 

Zdso, S. B., Ingram, R .  S., and Pritchard, J. M. An American 

haboob. Bull. Amer. Meteorol. Soc. 53 (10) :930-935. Oct. 1972. 

Photographs and meteorological data were presented to show 

that the duststorms of the arid southwestern United States are 

identical in Form and origin to the legendary "haboob" of Egypt and 

the Sudan. 

PERSONNEL: Sherwood B. Idso, J. M. Pritchard, and R. S. Ingram 

(cooperator with National Weather Service). 
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APPENDIX I 

SUPINATION OX: IMPORTANT FINDINGS 

SWC-018-gG-4 INCREASING AND CONSERVING AGRICULTURAL AND RU 

WATER SUPPLIES 

Water h a r v e s t i n g  p l o t s  t r e a t e d  wi th  p a r a f f i n  wax y i e lded  an 

average of 90% p r e c i p i t a t i o n  runoff compared t o  only 30% runoff 

f o r  comparable un t r ea t ed  p l o t s .  The wax w a s  appl ied  as granules  

on top of the s o i l  and allowed t o  melt and sp read  i n  t he  h o t  s u  

t o  form a hydrophobic s o i l  s u r f a c e .  Prel iminary c o s t  a n a l y s i s  

i n d i c a t e s  t h a t  t h i s  method w i l l  h a rves t  wa te r  f o r  less than .$l,QO 

per  1000 ga l lons .  (WCL 67-2). 

I n f i l t r a t i o n  r a t e  and q u a l i t y  of renovated sewage e f f l u e n t  
1 

remained s t a b l e  during more than 5 years  i n  an experimental  p ro j ecc  

t o  renovate sewage e f f l u e n t  by h igh- ra te  i n f i l t r a t i o n  b a s i n s .  The 

t o t a l  i n f i l t r a t i o n  f o r  t h i s  per iod  was about 1400 f t .  Ni t ro  

removal was maximized by a l t e r n a t i n g  sequences of l ong  f looding  

per iods  with sequences of s h o r t  f looding  p e r i o d s ,  thus  avoiding 

build-up of ammonium i n  the renovated water .  High-rate i n f i l t r a -  

t i o n  systems f o r  renovat ing e f f l u e n t  i n  sandy soi l .  have a long ,  

useful. l i f e .  (WCL 67-4). 

Soil--water movement, and ch lo r ide  accumulation and movement 

near  the  s u r f a c e  of a b a r e  s o i l  was found t o  b e  very dynamic, 

During the morning and midday hour s ,  wa te r  moved upward toward 

the s u r f a c e  i n  about the top  cen t imeter  of  s o i l  and moved down- 

ward below t h a t  depth.  This two-direct ional  movement can exp la in  

the very rap id  drying of t he  s o i l  s u r f a c e ,  Soon a f t e r  i r r i g a t i o n ,  

ch lo r ide  conten t  nea r  the  s u r f a c e  followed a d i u r n a l  p a t t e r n ,  b u t  

out-of-phase from the s o i l  water con ten t .  No cyc l ing  of chlor ide  

accumulation was p re sen t  a t  t he  1- and 2-cm and deeper depths  even. 

though the d i u r n a l  cyc l ing  was p re sen t  f o r  the wa te r ,  Most of the  
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t o t a l  ch lo r ide  accumulation a t  the s u r f a c e  occurred i n  the e a r l y  

s t ages  of drying.  The ch lor ide  moved a t  water  conten ts  as low as 

4% i n  t h e  Adelanto s o i l ,  (WCL 68-1). 

The percent  n i t rogen  removed by s o i l  columns was found t o  i n -  

crease exponent ia l ly  as the f l u x  decreased. This r e l a t i o n s h i  

he ld  when the  n i t rogen  load was reduced by d i l u t i n g  the sewage o r  

reducing the  length  of the  f looding per iod .  The n i t rogen  removal 

was 80% a t  a  f l u x  of 15 cm/day and 30% a t  35 cm/day. Approx 

38 m of water  pe r  u n i t  a r e a  could be reclaimed i n  a yea r  using a 

l 5  cm/day f l u x  wh i l e  85 n of water  per  u n i t  a r ea  could be  re- 

claimed i n  a y e a r  us ing  a 35 cm/day f l u x .  The inc rease  i n  n i t rogen  

removal was probably due t o  a  change i n  the  Elow c h a r a c t e r i s t i c s  

of the  system which allowed more mixing of the  n i t r a t e  i n  t he  s o i l  

wtth the  incoming sewage water  and provided a  C:NO -N r a t i o  favor- 
3  

ab le  f o r  d e n i t r i f i c a t i o n .  

Nitrogen removal w a s  increased  t o  75-80% by c o l l e c t i n g  the  

high n i t r a t e  wa te r ,  mixing i t  with the incoming sewage water  and 

recyc l ing  i t  through the  s o i l  columns. The change i n  oxida t ion  

reduct ion p o t e n t i a l s  with recyc l ing  showed t h a t  the  i n c r e  

n i t rogen  removal was due t o  d e n i t r i f i c a t i o n  near  t he  s o i l  s u r f a c e ,  

The r ecyc l ing  method could be used wi th  a  t i l e d  l and  f i l t r a t i o n  

system to  remove 75% of  the n i t rogen  from 60 m of sewage per  u n i t  

area i n  1 y e a r ,  (WCL 68-3). 

Zones of microbial  a c t i v i t y  i n  s o i l  p r o f i l e s  used f o r  waste  

water  renovat ion by ground-water recharge were cha rac t e r i zed ,  S t  

was found t h a t  t h e  microbia l  environment favorable  f o r  the b i -  

o l o g i c a l  processes  of  n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  were es- 

s e n t i a l l y  l imi t ed  t o  t he  top 15 cm of the  s o i l  p r o f i l e ,  These re- 

s u l t s  i nd ica t ed  t h a t  deep s o i l  p r o f i l e s  a r e  no t  necessa 

va t ion  of waste  water  hy ground-water recharge systems,  provided 

the  f looding and drying cyc les  a r e  managed proper ly  t o  enhance the 

b i o l o g i c a l  processes  of n i t rogen  removal i n  the top 15  cm of the 

s o i l  p r o f i l e .  (WCL 70-2). 
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Applicat ion uniformity from low-p r e s su re  t r i c k l e  i r r i g a t i o n  

systems can be g r e a t l y  improved by varying e m i t t e r  s i z e s  t o  com- 

pensa te  f o r  f r ic t ion- induced  p re s su re  changes in the  l a t e r a l  p ipe .  

This yea r  t he  concept of varying e m i t t e r  s i z e s  was expanded t o  i n -  

clude a multiple-diameter and -length microtube system f o r  orchard- 

crop usage. Microtubes o r  s p a g h e t t i  tubes a r e  s h o r t  l engths  of 

p l a s t i c  tubes c u t  from inexpensive,  small-diameter polyethylene 

tubing,  Theore t i ca l  performance of a 6.50-ft l a t e r a l ,  wi th  t h ree  

emi t t e r s  p e r  t r e e  and 25 f t  between t r e e s ,  using conibinations of 

two diameters and seven lengths  of microtubes,  showed a mean 

devia t ion  of 2.9% and a maximum dev ia t ion  of 5.0% from design 

discharge.  The multiple-diameter and -length microtube s y s  tem 

should not be expensive o r  d i f f i c u l t  t o  produce. (WCL 70-3). 

A chamber has been constructed t h a t  gives p rec i se  measure- 

m n t s  of t r a n s p i r a t i o n  and photosynthesis  of whole p l a n t s .  Sun- 

flower has been found t o  t r a n s p i r e  a t  about twice t h e  r a t e  of  

corn,  sorghum, o r  tomato. Under drought ,  t r a n s p i r a t i o n  of sun- 

flower is  diminished t o  a g r e a t e r  ex t en t  than photosynthes is ,  

making i t  more e f f i c i e n t  i n  its water  use than when w e l l  watered. 

(WCL 71-1). 

A mathematical model was developed t h a t  relates a l g a l  photo- 

syn thes i s  t o  the absorp t ion  of s o l a r  r a d i a t i o n  by water .  Applica- 

t i o n  of the model l ed  t o  the establ ishment  of s e v e r a l  genera l  c r i -  

t e r i a  f o r  the planning and ope ra t ion  of man-made s y s t e m  of aqua- 

cu l tu re .  (71-3). 

Mass flaw processes  were found t o  i nc rease  the  r a t e  of water  

vapor l o s s  through shal low mulches during a f t  ernoon per iods  t o  

126% of t he  l o s s  a t t r i h u t a h l e  t o  molecular digf  usion. Therefore,  

mass flow processes  c o n t r a u t e  s i g n i f i c a n t l y  t o  t h e  movement of 

water  vapor during evapora t ion ,  more s o  than  has genera l ly  been 

presumed. (WCL 71-5). 
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Evaporation l o s s e s  from small s t o c k  ponds and tanks can be 

reduced e f f e c t i v e l y  using p a r a f f i n  wax covers.  The p a r a f f i n  wax 

i s  appl ied  as e i t h e r  h igh  mel t ing  po in t  foamed blocks o r  lw  

melt ing p o b t  bloclcs which form a continuous l a y e r  when melted 

by the  sun ,  The foamed b.locks a r e  recommended f o r  use on i r r e g u l a r  

shaped ponds and the  continuous cover f o r  use on s t o c k  t anks ,  

Evaporation reduct ion  has averaged 40% f o r  the  foamed blocks and 

90% f o r  the  continuous cover,  during the pas t  hJo years .  Cost 

of the  p a r a f f i n  va r i e s  from 10 t o  15 cents  p e r  square foo t  depending 

on the  type of t rea tment .  Trans la ted  t o  cos t  of the water  saved,  

t h i s  amounts t o  45 t o  75 cents  per  1000 gal lons assuming a ma te r i a l  

l i f e  of 5 y e a r s ,  (WCL 71-6). 

An a n a l y t i c a l  ana lys i s  of i n f i l t r a t i o n  i n t o  heterogeneous 

porous media where the s a t u r a t e d  hydrau l i c  conduct iv i ty  increased  

with depth confirmed the numerical a n a l y s i s  r e s u l t s  of e a r l i e r  

s t u d i e s ,  They a l s o  pointed up the  f a c t  t h a t  the s o i l  water  

pressure  head and water  content  p r o f i l e s  of such a heterogeneous 

system a r e  q u i t e  d i f f e r e n t  from a homogeneous one. (WCL 71-9). 

A rap id  and s imple t i t r i m e t r i c  method was developed f o r  t he  

ana lys i s  of s u l f a t e  i n  i r r i g a t i o n  and o t h e r  types of  s a l i n e  wa te r s ,  

(WCL 71-11), 

T r i ck l e  o r  modified-furrow i r r i g a t i o n  methods have the po- 

t e n t i a l  t o  reduce water  de l ivery  requirements,  b u t  no t  consumptive 

use,  under many f i e l d  condi t ions ,  An i n v e s t i g a t i o n  was conducted 

t o  eva lua te  quan t i t y  and frequency of t r i c k l e ,  modified- f urrow , 
and standard-furrow i r r i g a t i o n  on the  growth of cabbage, using _a 

moderately s a l i n e  water  on f ine- tex tured ,  clay-loam s o i l .  Sr- 

r i g a t i o n s  cons is ted  of  d i f f e r e n t  q u a n t i t i e s ,  based on r a t i o s  of 

the. p l a n t ' s  consumptive-use e s t ima te ,  appl ied a t  d i f f e r e n t  fre- 

quencies.  Maximum product ion was almost i d e n t i c a l  f o r  a l l  ir- 

r i g a t i o n  methods t e s t e d ,  and the  amount of s o i l  moisture needed 

by the  cabbage p l a n t  f o r  high product ion was approximately the 
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p r e s e n t  consumptive-use e s t i m a t e .  Frequency o f  i r r i g a t i o n  caused 

no d i f f e r e n c e  i n  p roduc t ion  when more t h a n  t h e  consumptive-use re- 

quirement was a p p l i e d ;  however, a t r e n d  o f  reduced p r o d u c t i o n  

with i n c r e a s e d  f requency d i d  r e s u l t  when less t h a n  consumptive- 

use requirement  was a p p l i e d .  T r i c k l e  and modified-furrow i r r i g a -  

t i o n  reduced t h e  w a t e r  d e l i v e r y  requirement  as compared w i t h  "cat  

i n  s tandard-furrow i r r i g a t i o n ,  showing t h a t  a h i g h e r  i r r i g a t i o n  

e f f i c i e n c y  can be  a t t a i n e d  u s i n g  t h e s e  newer i r r i g a t i o n  methods 

over  conven t iona l  methods. (WCL 71-13 and WCL 71-14). 

Flow character-ist ics o f  complex-shaped f lumes,  i n c l u d i n g  

flumes t h a t  a r e  n o t  symmetr ical  w i t h  r e s p e c t  t o  the  flow c e n t e r l i n e ,  

were s u c c e s s f u l l y  p r e d i c t e d ,  T h i s  e n a b l e s  t h e  des ign  of f  lurnes 

w i t h  p r e s c r i b e d  head-discharge r e l a t i o n s  and flumes i n  which sedi- .  

ntent w i l l  n o t  accumulate.  (WCI, 72-1 and W C L  72-2). 

S w e l l i n g  and s h r i n k i n g  i n  a f i e l d  s o l 1  were  measured w i t h  

a l t e r n a t i n g  gamma-ray r a d i o i s o t o p e s .  Bulk d e n s i t y  decreased  t o  

a depth o f  6 cm wi th  w a t e r  ponded on t h e  s o i l  s u r f a c e ,  b u t  when 

the  w a t e r  d i sappeared  from t h e  s u r f a c e ,  t h e  b u l k  d e n s i t y  i n c r e a s e d  

t o  t h e  p r e - i r r i g a t i o n  l e v e l .  The development of p rocedures  and 

equipment t o  measure s o i l  b u l k  d e n s i t y  i n  s i t u  n m  makes i t  pos- -- 
s i b l e  t o  e v a l u a t e  t h e  importance o f  s w e l l i n g  and s h r i n k i n g  of 

s o i l s  i n  t h e  f i e l d  s t u d i e s .  (WCL 72-4). 

Measurements of s o l a r  and a tmospher ic  the rmal  r a d i a t o n  i n -  

d i c a t e d  t h a t  i n c r e a s e s  i n  t h e  c o n c e n t r a t i o n  o f  low-level  a e r o s o l  

a t  Phoenix,  Arizona,  g e n e r a l l y  r e s u l t  i n  a n e t  i n c r e a s e  o f  r a d i a -  

t i o n  t o  t h e  ground s u r f a c e .  An impor tan t  i m p l i c a t i o n  o f  t h i s  

work i s  t h a t  i n c r e a s i n g  p a r t i c u l a t e  p o l l u t i o n  n e a r  t h e  e a r t h  % su r -  

f a c e  w i l l  t end  t o  warm t h e  e a r t h ,  and n o t  c o o l  i t  as was f o r  s o  

long supposed by many s c i e n t i s t s ,  (72-6), 
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(M,I,T, Press, 1972), Pp, 184-191, 

Idso, Sherwood B. Solar radiation measure- 
ments augment air poZlution studies. Jour, 
Air Pollution Control Assoc. 22(5):364-368. 
May 1972, 

Ldso, Sherwood B. Systematic deviations of 
clear sky atmospheric thermal radiation from 
predictions of empirical formulae, Quart, 
Jour. Royal Meteorol. Soc, 98~399-401, 
April 1972, 360 

Idso, Sherwood B, A comparison of the Funk 
and Idso techniques for measuring hemispher- 
ical all-wave radiation, Rev. Sci, Instr. 
43(3):506--508. March 1972, 361 

Idso, Sherwood B. Radiation fluxes during a 
dust storm, Weather 27(5):204-208, May 1972. 368 
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Idso, Sherwood B. Calibration of soil heat 
flux plates by a radiation technique. 
Agric. Meteorol, 10(6) :467-471, 1972, 375 

Idso, Sherwood B, Simplifications in the 
transformation of net radiometers into 
hemispherical radiometers. Agric. Meteorol, 
lO(6) :473-476, 1972, 

The vertical location of net radiometers, 
IT. The effect of the net radiometer's 
shadow, Jour. Meteorol, Soc, Japan (Ser. 11) 
50(1):49-58, Feb. 1972, 335 

October 1972, 39 0 

Jackson, R, D,  On the ca1culation of 
hydraulic conductivity, (NOTE) Soil Sci ,Soc , 
Arner, Proc, 36(2):380-382, Mar-Apr 1972, 37 6 

Kimball, B, A,, and Lemon, E, R, Theory 
of soil air movement due to pressure fluc- 
tuations, Agric, Meteor01 , 9 (3/4) :163-182, 
January 1972. 332 

Lance, J. C. Nitrogen removal by soil 
mechanisms, Jour, Water Pollution Control Fed. 
44(7) :1352-1361. July 1972, 336 

Lance, J, C. The re-use of wastewater, 
Arner, I-Xort, 51(1):22-25, March 1972. 371 

Lance, J, C., and Whisler, F. D, Nitrogen 
balance in soil columns intermittently flooded 
with secondary sewage effluent, Jour. of 
Environmental Quality 1(2):180-186, April- 
June 1972, 362 
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Irrigation management and 
mosquito production, Proc,, 40th Annu, Conf. 
Calif, Mosquito Control Assoc,, Stockton, CA 
31 Jan--2 Feb 1972, Pp, 33-34. 

Uniform irrigation with low-pressure trickle 
systems. Jour. Irrig, and Drain, Div,, her, 
Soc. Civil Engin, Proc, 98(IR 3):34l-346, 
September 1972 (Paper 9175), 

Nakayama, P. S , A simple method for 
estimating the solubility product of calcium 
carbonate. (NOTE) Soil Sci, 113(6):456-457, 
June 1972, 

Flow in porous media. 
Proc,, 4th Australasian Conf, on Hydraulics 
and Fluid Mechanics, Melbourne, Australia, 
December 1971, (Visiting scientist, l97l), 

Numerical analysis of drainage of a hetero- 
geneous porous medium, Soil Sci, Soc. her, 
Proc, 36(2):251-256, March-April 1972, 

The numerical analysis of flow in hetero- 
geneous porous media, Proc., 2nd Joint Sympo 
on Fundamen"c1s of Transport Phenomena in 
Porous Media, Univ. of Guelph, Ontario, 
August 31972, Vol, 1,,Pp, 245-256, 

media, Soil Sci, Soc, Amer, Proc, 36(6):868- 
874, Nov-Dec 1972. 
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Prepared: Bouwer, Herman, Renovating secondary 
e f f l u e n t  by groundwater recharge with 
i n f i l t r a t i o n  bas ins ,  Proc,, Nat l ,  Symp. 
on Recycling Treated Municipal Waste Water 
and Sludge Through Foresh and Cropland. 
(Universi ty Park, PA, August 1972) 
( I n  press) .  

Bouwer, Herman, Rice, R, C,,  and 
Escarcega, E, D, A h igh-ra te  land t r e a t -  
ment system f o r  renovating secondary sewage 
e f f l u e n t :  The Flushing Mea 
1, I n f i l t r a t i o n  and hydraul ic  aspects ,  
Jour .  Water Pol lu t ion  Control Fed, 
(Submitted f o r  publ ica t ion)  

Bucks, Dale A , ,  Er ie ,  2,  J,, and 
French, 0 ,  F, Limiting q u a n t i t i e s  and 
varying frequencies of t r i c k l e  i r r i g a t i o n  
on cot ton ,  Trans,, e r .  Soc, Agric, Engin, 
(Submitted f o r  publ ica t ion) ,  4% 5 

French, 0 ,  F, Quantity and frequency of 
t r i c k l e  and furrow i r r i g a t i o n  f o r  e f f i c i e n t  
cabbage production, Agronomy Journal,  
(Submitted fo r  publicat ion) , 41 6 

Cooley, Keith R e ,  and Myers, Lloyd E, 
Evaporation reduction with r e f l e c t i v e  covers, 
Jour,  I r r i g ,  and Drain, Div,, Amer. Soc, 
C iv i l  Engin. Proc, (Submitted f o r  publi- 
ca t ion)  , 409 

Ehr ler ,  Wm, L. The water-use e f f i c i ency  of  
and 9 a s  

a f fec ted  by low soil-water p o t e n t i a l ,  
(Approved f o r  publicat ion),  38 3 

Ehrler ,  Wm, L, Cotton l e a f  temperatures a s  
r e l a t e d  t o  s o i l  water deple t ion  and meteor- 
o log ica l  f a c t o r s ,  Agron, Jour . ( I n  press) .  39 4 
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ga t ion  management f o r  high-yielding wheats 
i n  Central  Arizona. Prog, Agric, i n  Ariz. 
( I n  press)  , 40 6 

Idso, Sherwood B. The work of the  wind and 
the  s t a b i l i t y  of lakes.  Limnol, and Oceanog. 
(Submitted f o r  publ ica t ion) ,  40 2 

Idso, Sherwood B e  Thermal r a d i a t i o n  from a 
tropospheric dus t  suspension, Nature, 
( I n  press) ,  414 

Idso, Sherwood B. Water vapor and aerosol  
e f f e c t s  upon thermal r ad ia t ion  from cloud- 
l e s s  sk ies ,  Quar t .  Jour ,  Royal Meteoro 
Soc , (Submitted fo r  publ ica t ion) ,  

Idso, Sherwood B,, and Cole, Gerald A, 
Studies on a Kentucky Knobs Lake, V, Some 
aspects  of the  v e r t i c a l  t ranspor t  of hea t  
i n  C11e hypo1 ion ,  Sour, o f  Ecology, 
( I n  p ress ) ,  

Idso, Sherwood Be, and Foster ,  Joyce M, 
Light  and photosynthesis i n  phytoplanktonic 
ecosystems. Ecology, (Subrmttted f o r  pub- 
l ica t ion)  , 407 

Idso, Sherwood B , ,  and Gi lbe r t ,  Re G. 
On t h e  u n i v e r s a l i t y  of the  Poole and Atkins 
Secchi disk-2ight  ex t inc t ion  equation, 
Jour.  of App. Ecology, (Submitted fo r  
publ ica t ion) ,  39 5 

Jackson, R ,  D., and Er ie ,  L.  J .  So i l  and 
water management p rac t i ces  f o r  calcareous 
s o i l s ,  Proc,, Regional Seminar on Reclamation 
and Management of Calcareous S o i l s ,  Cairo, 
Egypt, 27 Nov - 2 Dec, 1972, ( I n  press) .  40 8 
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Jackson, R. D., and Kimball, B e  A. 
Book review : "Advanced Soil Physics", 
by Don Kirkham and We L, Powers. 
Soil Sci. Soc. Amer, Proc. (In press) 41 2 

Jackson, R, D., Kimball, B. A , ,  
Reginato, R. J., and Nakayama, F, S. 
Diurnal soil-water evaporation: 
Time-depth-flux patterns. Soil Sci. Soc, 
Amer. Proc. (Submitted for publication). 410 

Kimba11, Bruce A. Simulation of the energy 
balance of a greenhouse. Agric, MeteoroP. 
(In press), 349 

Kimball, Bruce A, Water vapor movement 
through mulches under field conditions. 
Soil Sci, Soc, Amer, Proc, (Submitted 
for publication), 41 1 

Lance, J, C,, Whisler, F, D,, and 
Bouwer, 11. Oxygen utilization in soils 
flooded with sewage water. Jour, of 
Environmental Qua1 ity , (In press) , 

Linderman, R, G , ,  and Gilbert, Re G ,  
Influence of volatile compounds from 
alfalfa hay on microbial activity in soil 
in relation to growth of Sclerotium rolfsii, 
Phytopathology . (Submitted for publication) . 404 

Linderman, R, G , ,  and Gilbert, R. G .  
Behavior of sclerotia of Sclerotium rolfsii 
produced in soil or in culture regarding 
germination stimulation by volatiles, fungi- 
stasis, and NaOCl treatment, Phytopathology. 
(Submitted for publication), 405 

Mitchell, S, T , ,  Kimball, B. A,, and 
Ehrler, W, L. A miniature gravity-fed 
thermocouple psychrometer, Agron. Jour. 
(In press), 39 1 
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Nakayama, F. So On solubility and solu- 
bility product constants, Soil Sci. Soc, 
Amer, Proc, (Letter to the Editor). 
(Submitted for publication), 41 7 

Nakayama, F, S. A test of the ion assoc- 
iation model for determining the sodium- 
calcium exchange constant in chloride and 
sulfate anion systems, Soil Sci, Soc, 
Amer, Proc. (Approved for publication). 41 9 

Nakayama, F. S., Jackson, R. Do, 
Kimball, B, A*, and Reginato, R, J, 
Diurnal soil-water evaporation: Chloride 
movement and accumulation near the soil 
surface, Soil Sci, Soc, Amer. Proc, 
(Submitted for publication), 

Rice, Robert C. Soil clogging during 
infiltration with secondary sewage 
effluent. Jour, Water Pollution Control 
Fed, (Submitted for publication), 

Watson.+ K, KO, Perrens, S, J,, and 
misler, Frank D, A limiting flux 
condition in infiltration into hetero- 
geneous porous media, Soil Sci, Soc, 
Amer , Proc, (In press), 
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